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(57) ABSTRACT

A process of water degumming an edible oil (preferably a
crude edible oil) comprising the steps of: a) admixing
approximately 0.1-5% w/w water with an edible oil (prefer-
ably a crude edible oil) and a lipid acyltransferase, b) agitating
the admixture for between about 10 minutes and 180 minutes
atabout 45 to about 900 C, and c) separating the oil phase and
the gum phase. Preferably said lipid acyltransferase is a
polypeptide having lipid acyltransferase activity which
polypeptide is obtained by expression of the nucleotide
sequence shown as SEQ ID No. 49 or a nucleotide sequence
which as has 70% or more identity therewith; and/or is
obtained by expression of a nucleic acid which hybridizes
under medium stringency conditions to a nucleic probe com-
prising the nucleotide sequence shown as SEQ 1D No. 49;
and/or is a polypeptide having lipid acyltransferase activity
which polypeptide comprises the amino acid sequence shown
as SEQ ID No. 68 or an amino acid sequence which as has
70% or more identity therewith. In one embodiment the lipid
acyltransferase is preferably used in combination with a
phospholipase C enzyme. A process for modifying the gum
phase of a degummed oil using a lipid acyltransferase is also
taught herein.
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FIGURE 1

SEQID No, 16

FIGURE 2

{(SEQ IND'No. 1)

1 ADTRPAFERI

61  TANRARGGAT
123 GWUTEQDRER
181 NELLLRESRG
24%  STDRQLIAYS
301 SERBATFIET
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QYRFILARG
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1 BKEWFVOLLG LVALTVOARD

51 ESPPYYEGRY QNGF‘*““.L.FQL
101 YQUIRNLDYE VTOFLORDEF
151 DALISDARRRM »I.\L;Xf\' T
201 LLLWLARQLA PTCMVELFEL
251 KEYATREVEYT DROLIBFSEQ
301 GRMFWOOVHE TTVVHARLEER
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(SEQ ID No. 2)
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1
al
121
181
243
301
361

ivafGDELTS
ivDelvalllE
vielrgalgl
kdnirglikx
savadfneal
ettkaCCGys
1

geayygdsdg
lagslglipnl
lgellzllpy
Lzsnngarli
relaiskled
gryl¥ynrvCs

gowgagladr
PEYLsgdflir
ldakspdlivi
viitivwiind
girkdglpdv
naglonviak

Ltallrlirar
GANFAzagAt
imiGeNglit
gplGCiPlikl
kgadvpyvDl
aCnpssyllis

prgvdvinrg
Ilptsgpfii
saffgpkste
alelagsknv
yaifgdldgl
£1fwhgfHps

isGrisdEyl
ogEkdfkeg
sdruvsvpel
dasgoelerln
gnpaayvyer
ekGykavasa

FIGURE 4

(SEQ ID No. 3)

1 mkkwfvelly

61
121
181
241
301

sagpvwlegl
kpddlvilwy
sarsgkvvea
nNacyggsyvw
glmfwdgvhp

lvaltvgead srpafsvivm fgdsisdiok mysknrgylp ssppyveqrf
tnefpglitia neaeggptav aynkiswnpk yvovinnldye vhgflagkdss
gandylaygw ntegdakrve daisdeanrm vingakeill fnlpdliggnp
ashvzsavhny ilinlarglia ptgmeklifel dkgfaemlixd pgafglsdgr
kpfasrsast dsglsafnpg erlajagnpl lasgavaspma arsastince
ttvvhaalss paatfiesqgy eflah
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FIGURE 5

SEQ ID No. 4

1 mkkwifvellg lialtvgaad trpafsrivm
61 sngpvwleql tkgfpglitia neaeggatav aynkiswnpk ygvynnldye vigflgkdsE
121 kpddlvilwv gandylaygw ntegdakrvr daisdaanrm vingakgill fnlpdlggnp
181 sarsgkvvea vshvsayhnk lllnlargla pigmvklfeld dkgfaemlzrd pgnfglsdve
241 npeydggyvw kpfatrsvst drglsafspg

erlaiagnpl lagavaspma rrsasplace
301 gkmfwdgvhp ttvvbhaalse raatfietqgy eflahg

fgdslisdtgk myskmrgylp ssppyyegrf

FIGURE 6

SEQ ID No. 5

1 mpkpalrrvm tatvaavgtl
61 anileclrsta nyphviadtt
121 ltiggndanst finaitacgt
181 arapharvaa lgypwitpat
241 yvdfsgvsdg hdaceapgtr

algltdatah aapagatptl dyvalgdsys agsgvipvdp
garlitdvtcy aagtadftra gypgvapgld algtghdlivt
agvlisggkgs pckdrhgtsf ddeleantyp alkeallgvr
adpscflklp laagdvpylr aigahlndav rraasetgat
wiepllfghs lvpvhpnalg errmaehtmd vigld

FIGURE 7

SEQ ID No. 6

1 mpkpalrrvin tatvaavgtl algltdatah
61 anllclrsta nyphviadtt
121 ltiggndnst finaitacght
18l arapharvas lgypwitpat
241 yvdfsgvsdg hdaceapgtr

aapagatptl
garltdvtceg aagtadftra
agvlsggkygs pckdrhgisE
adpscElklp laagdvpylx
wiepllifghs lvpvhpnalg

dyvalgdsys agsgvlipvdp
gypgvapgld algtgtdivt
ddeieantyp alkeallgvr
aigahlndav rraaeetgat
errmaehtmd vigld

FIGURE 8

SEQ ID No. 7

1 rdyekfllfg dsitefafnt rpiedgkdqy algaalvney trkwdilgrg fkgytsrwal
61 kilpeilkhe snivmatifl gandacsagp gsvplpefid nirgmuslmk syhirpidig
121 pglvdrekwe kekseeialg yfrtnenfai ysdalaklan eekvpfvaln kafggeggda
181 wggllidglh fsgkgykifh dellkvietf ypgvhpknmg vklikdwrdvl ddgsnims
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FIGURE 9
(SEQ ID No. 8)
10 20 30 40 50 50

| ! | ! | |
MNLROWMGAA TAALALGLRA CGGEGEGTLOSG NPNVAKVORM VVEGDSLSDI GTYTEVAQAYV

70 8D 20 100 110 120

J i ! ! f I
GGGEFTTNPG FIWARTVAAQ LGVILTPAVM GYATSVONCP KAGCFDYAQH GSRVTDPNGIT

130 140 150 160 170 180

| | } i | !
GHNGGAGALT YPVQOQLANE YRAASNNTFNG NNDVVFVLAG SWDIFFWITA AATSGSGVTR

180 200 210 220 230 240

1 J ! ! { |
AIATAQVQQA ATDLVGYVKD MIARGATRVY VENLPDSSLT EPDGVASGTTE QALLEALVGET

250 260 270 280 230 300

1 { [ | ! i
FNTTLOSGLA GTSARILIDEN AQLTAAIQONG ASFGFANTSA RACDATKINA LVPSAGGSSL

310 320 330 340

! { ! |
FCSANTLVAS GADQSYLFAD GVHPTTAGHR LIASNVLARL LADNVAH



U.S. Patent

Jan. 5§, 2016

FIGURE 10 (SEQ ID No. 9)

1
61
121
i81
Z43

FIGURE 1

rigsyvavgd sftegvgdpy pdgafvgwad rlaviladrr

VRegvprvvy
Lrgvevikhi
rvalraggal
hvtakgtlsp

1

(SEQ ID No. 10)

1
61
121
isl
241

matnpaytsl
gaivdagvdy
sSPYrgapvle
3 z::cvaeaqu
sydglpakyp

FIGURE 12

(SEQ ID No. 11)

T

&
A2
181
241
01
26l
421

nirgrdagsy
apastgawvy
vihasialaa
yspipagpvt
afgdsitdgsa
padnpsglax
lrvvgatite
yidsgdhlhpy

lapdlvsfasa
rgkiatyngh
glrvpadpdg
daiktriaay

vavgdsftey
azamgadvit
rirprmeal
slghepadps
dllpyedpar

apptkhrall
awatapaaae
gpdtaaaiad
yhpgarghsy
ragsdanhow
fygrdviartn
fogyggytea
dxgyarmgav

FIGURE 13 (SEQ ID No. 12)

1
&1
121
isi
241
301

mbamsrarva
yggtliptagd
acsddldrge
vvgtopdlglt
elfgpdnyhp
eagltevanam

rriasagaayy
pplrimunligd
alviaepdry
ilervigplow
saagyataan
phgprgpwal

FIGURE 14 (SEQ ID No. 13}

61
121
181
243
201

mgrgtdgrts
tspasvaavy
vigarmsdlt
klpkagvryvs
rvadynevin
taknp

ygrrrarval
dsitrgfdac
agvtraagre
sipdlikelws
eveakdoror

Sheet 5 of 89

ggndiixpgt

dpdevaerfe

vralagdryge pvldiwsirs

pwpplpprgt
=%

wedlipdgay
lvggindtix
pviddiagzh
whapipatpp

aaivtlivai
potettgliay
tmrrltfggs
ladgdrtady
tdvlaarihe
VRV VigY
retmrgevne
idlaalkgaa

gggiglagas
staaggygvhyr
pdicvimvga
larrasrzgla
avlpsveoaal
krrrcrrvs

aaltaavigv
avliadcopevs
pelvavmaga
gurtnplyky
sddgavhair

ldvrrddvhw

rowadllaty
pkedmaryrd
gavvvdlyga
pywvtrrtad

saalyagasa
rsvranvvhis
arviipaggy
tavaytiptp
aagdgrdtpr
ndvinspala
eirsgrvfdi
pvka

RVglvvasyy
aggtpgalla
ndvthrmpat:
aagtligaveq
glwpadeehp
eASDRIPSFV

gvagedsvyg
watgssakvd
ndacrstisa
vwklglopsn
fotdglshuwe
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pegdftytnl

lavaaltaas
vgdrrawdad
araylvewig

maarspgicy
litgaveria
gsladprowd
vrfarghllip

ddgsrdhalg
vigghtgariti
vmsdtarlai
yvRoylitalady
ysvvnegisg

rdailtglx
vwdfdkalrd

larrrvgvgh
sglaavaerp
ravrhlasav
ggrtvalgdl
dalrregflip

dspapsgsps
alavrllgka
mtpvadfrag
lgdadslidsa
wfhpsvdggs.

avrgrildgi
gtvlvtigfd
rihlispeght
rrlrgassgd

anlavrgkli
phoegivinr
vdrihliseg
wigrrligrs

aggriprgda
snlyggsplt
pyganvlivtt
lsheadghvy
nrlltsrpgr
tivdraharg
pydprrmesd

ptrvpnaggl
vrlgsvagpy
rrlirtagasv
lgpefagnpr
varaaagaas

krtrtapawd
daashswnya
Feeamatlirk
atlrrntvrd
claselayoawv
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FIGURE 15 (SEQ ID No. 14)

1 mrlsrraasta sallltpala lfgasaavsa prigatdyva lgdsyssgvg agsydsssgs

61 ckrstksypa lwaasshtgtr fnftacsgar tgdvliakglt pvonsgtdlvs itiggndagf
121 adtmitenly gesaclaria karayiggtl pagldgvyda idsrapaagv vvligypriyk
181 lggscavgls eksraainzsa addinaviak resadhgfafyg dvnttfaghe lesgapwlhs
241 vitlpvensyh ptanggskgy lpviasat

FIGURE 16 (SEQ ID No. 15)

1 MKKWFVCLLG LIALTVQARD TRPAFSRIVM FEDELSDTEK MYSKMRGYLE
51 SSPEYYEGRF SNGEVWLEQDL TRQFPGLTIA NEAEGGATAV AYNKISWNEK
101 YQVINNLDYE VIQFLQKDSF KPDDLVILWV GANDYLAYGW WTEQDAKRVR
151 DAISDABRNRM VLNGAKQILL FNLPDLGONP SARSOKVVEA VSHVSAYHNK
201 LLLNLARQLA PTGMVKLFEI DKQFAEMLRD PONEFGLSDVE NPCYDGGYVW
251 KPFATREVST DROLSAFSPQ ERLAIAGNPL LAQARVASPMA RRSASPLNCE
301 GKMFWDQVHP TTVVHAALSE RAATFIETQY EFLAHG*

FIGURE 17 (SEQ ID No. 19)

1 migsyvavgd sftegvgdpy pdgafvgwad rlaviladry pegdftytnl avrigrlldgil
61 wvaesguprvvy lapdlvsfaa ggndiirpgt dpdevaerfe lavaaltaaa gtvlivittgfd
121 trgvpvlkhl rgkiastyngh vraiadryge pvidlwslrs vgdrrawdad rlhlspeght
181 rvalraggal glrvpadpdg pwpplpprgt ldvrrddvhw areylvpwig rrlrgessgd
241 hvtakgtlisp daiktriaav a
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FIGURE

51
101
151
201
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301
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MEKFEKRKNELV

(SEQ ID No. 25)

GLSAAIMSIS

Sheet 7 of 89

LEFSATASAAS

GEMYSKMRGY
AVAYNKISWN
GUWNTEQDAKR
BEAVSHVSAYHR
VENPCYDGGY
MARRSASPLN

FIGURE 19

(SEQ ID NO.

26}

LPSSPPYYEG
PKYQVINNLD
VRDAISDAAN
NQLLLNLARD
VWKPFATREV
CEGRMEWDQV

RESNGPVWLE
YEVTQFLOKD
RMVILNGARKQT
LAPTGMVKLE
STDRQLSAKS
HPTTVVHAAL

ADSRPAFSRI
QLTKOFPGLT
SFKFDDLVIL
LLFNLPDLGQ
EIDKQFREML
POERLATAGN
SERAATFIAN

US 9,228,211 B2

VMEGDSLSDT
IANEABRGGAT
WVGANDYLAY
NPEARSQKVV
RDOPONFGLSD
PLLAQAVASE
OYEFLAR**

MRLTRELSAASVIVFALLLALLGISPAQARGPAYVALGDSYSSENGAGSYIDSSEDCHRSN
NAYPARWAAANAPSSFTFARCEGAVTTDVINNQLEALNASTGLVI ITIGEGNDAGFADAMTT
CVISSDSTCLNRLATATNY INTTLLARDDAVY SQIKARAPNARVVVLGY PRMYLASNPWYC
LGLSNTRKRAAINTTADTLNSVISSRATAHGEFRFGDVRPTFNNHELFFCNDWLHSLTLPVWE
SYHETSTGHQOSGYLPVLNANSET



U.S. Patent

Figure 20

SEQ ID No., 27

ZP 00038717

1
61
121
181
241
301
3el
421
481
541

miphpagerg
cttsstrdae
pglsrirngd
praatrrrlf
dgeflllspv
faghlsflac
vplldskact
yviltasngrw
pwyngvglerd
dtlagevg

FIGURE 21

(SEQ ID No. 28)

i
61
1zl
181
241
301
361

mgsgpraatr
gpaedgefll
eaydfaghls
cmvrvpllds
tgayytltas
gsdepwvngy
gatvdtlage

Jan. 5, 2016

evgaffallv
tvwrkhlgpr
ssppiragws
lgipalvivt
gaatwgnyya
sggrgyamld
dgedairkim
Inetigefng
latgvhvdrs

rrlfigipal
lspvgaatwy
flacsggrgy
kactdgedai
ngrwlnetig
glrdlatgvt
vg
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gtpgdrrlirl

pdggfrphlg:

lppkcgeisq
altiviavpt
lgdsyssgdg
aldevgsgld
akfettfeel
glaeavavhd
tfhpnaaghs

vivtaltlvl
nyyvalgdsys
amldaidevg
rkrmakfett
efngglaeav
vdrstfhpna

echetrplrg
vgecllagggs
sarktpavpr
gretlwvrmwe
ardyypgtav
wiisphitslvt
isevrtrapd
eelaasggvy
avgerviegi

avptgretiw
sgdgardyyp
sgldwnspht
feelisevrt
avhdeelaas
aghravgexrv

US 9,228,211 B2

regogerrvp
pgvlvwegreg
ysllrtdrpd
eatgdwelgy
kggowrsana
igigondlgf
arilvvgypx
svefvdvyha
etgpgrpliya

rmwoeatgdw
gtavkggowr
slvtigiggn
rapdarilvv
ggvgsvefvd
iegletgpyr

pltlpgdgvl
cxfeverrdt
gprgrivgsyg
pvdsrggpaes
ypelvaeayd
stvlkitcmvr
ifpeeptgay
ldgheigsde
tfavvagatv

clgvpvdsry
sanaypelva
digfstvikt
gyprifpeep
vyhaldghed
plyatfavva



U.S. Patent

FIGURE 22

(SEQ ID No. 29)

1 mrttviaasa

[
121
181
241

anggrdgplr
ltedttlvtl
hesirdragd
alfvipddad

FIGURE 23

{SEQ ID No. 30)

ZP (0094165

1
61
121
181
241

mggvkifary

ercgrgtiny
ggndvsfvgn
vvvayitvlp
hpcsakpwsn

Jan. 5, 2016

1lllagcadg
gepfclrssy
siggndlgfg
agvvvigylyp
ehtscappogy

capvllalag
phllaealkl
ifaaacekms
psgtcaamali
glsapaddgi

areetagapp
nypellhaev
evagelireri
lvsagdopel
rwadiggqggt

lapaatvare
dlvdatasga
spdproegkwr
spdrlagsrs
pvhpnrlgha

Sheet 9 of 89

gessggiree
tdlteggavt
agenaddcvd
gdvseadrrw
davplhptsa

aplaesgaryv
tthhvlgpwn
eiteeswgad
aakrlarita
eazaslvkly

gaeastsitd
gdlleprtlg
ligetigegl
aveltggine
gheamasavy

algssfaagp
evppgidswvn
cermrsivrg
rvareegasl
kimk //

US 9,228,211 B2

vvialgdsysa
ertlpagvda
dglppgidrv
tvreaaerhd
daliglepvgp

gvgpnapgsp
gatrlvtlti
iharaplaxrv
1kfshisrrh



U.S. Patent

FIGURE 24

SEQID No. 31

merfrlvgfl
ckrstkahpy
adtmttovig
lgtteiglse
nwinigesyh

VIR el o
& o
3 fd RS et ek

7/

FIGURE 25
SEQ ID No. 32

WP BZ7753.
1 mrrsritayv
71l ckrsskaypy
121 sdvmttovig
181 lggsclagls
241 1dilniggsy
7/

FIGURE 26

SEQ ID No. 33

Jan. 5§, 2016

szlviliaagan
lwaaahspst
sessclsria
tkrtainkas
rhasgysgyy

telllavgea
lwgaahspss
sdsaclarin
etkrsainda
bptaaggsgy

Sheet 10 of 89

Itgeytagas
fdftacsgax
tasayvdstl
dhlntvlagr
lpvingaa

ltgaatagas
Izfmacsgar
takayvdstl
adylinsaiak
yipvansva

gpaaadygyva
tgdvisggly
pgkldgvysa
saahgftfgd

paagatgyva
tgdvlangly
poggldavyta
raadhgftig

US 9,228,211 B2

agsyisssgd
isigondagf
vvigypriyk
osgspwlhsy

lgdsyesgyvg
plssgtglvsa
isdkapnahv
vrttfighel

lgdsyszgyryg
tinsstglves
istkapsabv
dvkstftghe

agsylssagd

tiggndagf
avigyprivk
laossstwlhs

MRLIRSLIAASVIVEALLLALIG I S PAQAAGPAYVALGDEY S SCNGRESYIDESERCHREN

HWAYPARWAAANAPBSFTFAACBGAVITLVINNQLGALNASTGLV SYTIGGNDAGFADAMTT
CVTSERSTCILNRLATATHY IRTTLLARLDAVY SQTHARAPNARVVVLEY PRMYLASNPHYC
LOLARTKRAAINTTADTLNS VIS SRATARGFREGDVR PTFNNEELFFENDWLES LY LEVHE
SYHPTETGHQSGYLEVINANE ST
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FIGURE 27

(SEG ID No. 34)

ADRSRPAFSRIVMFGDSLEDTGKMY SEMRGY LPS S PPYYEGRFSNGPVWLEQLTNEFPGLT IANEARGGRET
AVAYHKISWNPRKYQVINNLDYEVTOFLOKDS FREDDLVILWVGANDY LAYGWNTEQDAKRVRDAT SDAAN
RMVLNGAKEILLFNLPDLGONPSARSQRKVVEAASHVSAYHRQLLLNLARQLAPTGMVKLEE IDKQFAEML,

RDPONEFGLSDORNACYGGSYVWEPFASRSASTDSQLSAFNPOERLATAGNPLLAOAVASPMAARSAS TLN
CE

GEMFWDOQVHETTVVHAALSEPAATFIESQYEFLAH

FIGURE 28

(SEQ ID No. 35)

1 ADTRPAFSRI VMFGDSLSDT GKMYSKMRGY LPSSPPYYEG RFSNGEVWLE QLTKQFPGLT
61 IANEAEGGAT AVAYRKISWN PRKYQVINNLD YEVIQFLOKD SFKPDDLVIL WYGANDYLAY
121 CGWNTEQDAKR VRDAISDAAN RMVIDNGAKQI LLFNLPDLGC NPSARSORVV EAVSHVSAYH
181 WEKLLLNLARD JAPTGMVKLEF EIDKQFAEML RDPONFGLSD VENPCYDEGY VWKPFATREV

241 ETDROLSAFS PQERLAIAGN PLLAQAVASP MARRSASPLN CEGKMEWDQOV HPTTVVHAAL
301 SERAATFIET QYEFLAHG
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FIGURE 29
(SEQ ID No. 36)

ACAGGCCEATGCACGEAALCETACCTTTCCETCAGTGARGUELTUTCCCCCCATCETTCOGC
CEEGACTTCATCCGLGATTTTEECATGRACACTTCCTTICAACCCECETAGCTTGCTACAR
GTELGECAGCAGACCCECTCETTEEAGCGCTCAGTEAGATTGACCCEGAT CCCTETCEGCCE
CATCCGTCATCETOTTCGCCCTEUTERTCECECTELTGEGCATCAGCICEGCOCABSCAR
CCGECCCEECATATETEECCCTEEGEGATTCCTATTOCTCEGECAACGRCCCCEEARGTT
ACATCGRYTUCGAGCEETEGACTETCACCGCAGTAACAACGLETACCCCGLLCGCTEEELEE
CEECLAACGCACCETCOCTCCITCACCTTCELGECOTBUTUREEARCEETEGACCACEEATG
TCATCAACAATCAGCTEGECECCCTCARCGUGTCCACCEGCCTEETCAGCATCACCATCG
GCEGCAATGACGCGEECTTCGUEEACGCGATGACTACCTECETCACCAGCTCGCACRETA
CCTGCCTCAACCEEETEECCACCGCCALCARCTACATCARCACCACCOTGCTTELLCEET
TCEACGCGETOCTACAGCCAGATCARAGGLCCETECCCCCAACGLLCELETEETCETCCTCS
GOPACCUGCECATGETACCTEECOTCGARACCOCTEETACT BUCTOEGOOTGAGCAACACCA
AGCECELEECCATCAACACCACCECCCACACCCTCARCTCGETEATCTCCTLLCGGGCCA
CCECCCACGEATTCCGATTCEECEATETCCECCLGACCTTCAACARCCACGARCTETTCY
TCEECAACGACTEEUTCCACTCACTCACCCTRUCEETETGGEAGTCGTACCACCCCACCA.
GCACGEGCCATCAGAGCEGUTATCTECCGETCOTCAACGUCAACAGCTCEGACCTGATCAA
CECACGECCETECCCGCCCCECELETCACEGUTCERUECEHEECECOEGCAGLEUGTTEATCA.
GCCCACAGTECLGETEACGETCCCACCHTCACEEYCCAGGETETACGTCALGHETEECECT
GCYCCAGARAGTGEAALGTCAGTARGACCETEGAGCCETCCCTEACCTOGTCCAAGRACTC
CEGEETCAGCETCATCACCTCTCCTCCCETAGCTELEGEECEAAGECGGCECUERACTCCTT
GTAGCACCTCCAGTOETGOGCUIICEECETTGLCACCETCCECETAGACCGOTTCCATEGET
CECCAGCCEETCCCCECEEAACTCEETEGEEATETCCEPGCCCAAGGTEETLCCEETGET
GTCCEAGAGCACCEEEECLTCETACCEGATRATETCCAGAT CCARARGAATTY

FIGURY 30

(SEQ ID NO. 37):

MRIITRSLSAASVIVFALLLALLGISPAQAAGFAYVALGDEY SSCGNGAGSYIDSSGDCHREN
HAY PARVABANAPSSFITAACRGAVITDVINNDLGALRNASTELVSITICONDACFADAMTT
CVTRBSDETCLHRLATATNY INTTLLARLDAVY SQIKARAPNARVVVLEY PRMYTASKPWYC
LELSNTKRAAINTTADTLNSVISSRATARGFREGDVRPTINNHE LEFGHDWLAS LT LEVWE
SYRPTSTCHOSGYLPVLINANSST
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FIGURE 31

SEQ ID No. 38

61
121
181
241
301
361
421
4B1
541

mlphpagery
cttestrdae
pglsritrngad
praatrrrlf
dgefllilspv
faghlsflac
vplldskact
yvtltasngrw
pwvngvgled
dtlagevyg

Jan. 5, 2016

evgaffally
tvwrkhlgpr
ssppfragws
lgipalvlvt
gaatwgnvya
sggrgyamld
dgedairkrm
lnetigefng
latgvtvdrs
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gtpadrrirl
rdggfrphlg
lppkegeisg
altlviavpt
lgdsyssgdyg
aidevgsgid
akfettfeel
glaeavavhd
tfhpneaaghr

echetrplrey
vgellagoggs
sarktpavpr
gretlwrmwe
ardyypgtav
wngphtslivt
isevrirapd
eelaasggvy
avgerviegl

US 9,228,211 B2

rogocgertvp
pgviwegreyg
ysllrtdrpd
satgdwelgy
kggowrsana
igiggndlgf
arilvvgypzn
svefvdvyha
etgpgrplya

plilpgdgvl
crfeverxdt
gprgrivgsy
pvdsrggpas
ypelvaeayd
stvlkteonvr
ifpeeptgay
ldgheigsde
tfavvagatv
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FIGURE 32

(SEQ ID No. 39)

1 ggtygtgaac cagasacaccc ggtcgtocgge gtogggegtes aggtgcaggt geaggttett

61
121
181
241
301
361
421
481
341
601
661
Tel
781
8al
801
361

ig21
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
igel
13821
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941

caactgoetee
coocgangay
cgogecttey
goccaggtac
gagcacgica
cacttteggt
acaggatgac
gatgttegge
cgocagegatc
gagtitcggac
ggocgtagtty
cactgtggtyg
toettegasy
geggtgetee
gtegggacto
ggacggtgeg
ttgtgcacca
cggccggacy
agtcecogggy
acteogggee
tocetiocoee
aggtactott
ggaccacghy
acagegoetca
tgtgaggeea
gaggacggcey
gegoteggyy
gtgaaggygcey
gacttegeeyg
gacgctatey
acgatoggga
cgggtgeege
atggegaaat
gacgeoocgga
tactacacgc
cageageteg
ggcagegtgg
gageeghggy
agtaccttce
atcgaaaceg
gtggacactc
gagcactygey
cggggagage
cegttegrac
gocgatgetg
cacgggggey
ggcagtgeey
geggatcacyg
goocecagoget

ageaggatge
tacagcacer
cacgeggett
ggcaggacga
cggcogtega
tcgatcoctgey
caggtegeac
aggtaggecea
geggeggtge
gegtgeegga
agggtggege
tacggogtgyg
teggtitaceyg
cgcacccage
cacaggatcg
gatgcggtga
catctagcac
gtgggtiteyg
togctgtggtyg
teageegtac
cgaaatgcecgg
tgocttegaae
cggcgaccayg
cgectggtett
cecaggacty
agtttectget
attegtacte
gttgetyggeg
gacactegte
acgaggtbcgg
teggocggeaa
tgctggacag
tecgagacgac
tecttgtegt
tgaccgogag
cegaggeotgt
agttcgtgga
tgaacggggt
accccaacgo
gecogggecy
tcgogggega
gegatetggh
cggatagttg
agtietotte
egggecgega
agggegcegga
accgcgoagyg
tcgaagactt
ttgeocgaaca

cgoeogtggoc
atagecggatyg
cgaactenge
cggtgtgetyg
agtcotitace
cgaaccggto
cgategogge
cgaccecggte
gggtcogeayg
tecgececacgge
cggugancosa
cggegegeac
accagogess.
gygtgaacge
geggetgegy
gogtegggtg
gcgggacygey
gcecacactta
cgggcgggag
cogoaacggy
cgagatcteeo
agacaggecy
acgacgglttg
ggctgteceg
gtgectgggy
gettteteoog
ttegggggac
gtecgetaac
gttcoctggce
ctcgeagetyg
cgstetgggy
caaggcgtgo
gtttgasgag
gggctaccce
caaccageygy
cgcggtccac
cgtetaccac
gcagttgegyg
cgctgggcac
teoegetotat
gotyggyggtyga
cractgeccocea
ageegtgegt
cggtggeeay
ccacgeccgtt
catggtcecag
cgagggcgtt
cegegtegen
ggtagatatc

gtgcacgaty
gtecgaacgge
cocaggacagy
caggctggge
gecgtagogy
gaggacgcoty
goaggegagy
geeggggeoe
tteokeeecag
tgatgggtca
gacggcgecyg
ccggtagtac
cagrtgectoy
ggtgaggtty
cttgagtgte
cctececeoctaa
gaaaccygtat
ggggteaggt
ggctgteget
gacagttcte
cagtecagece
gacggtocac
ttccteygta
acggggcgeyg
ghgceggteg
gtoecaggoay
ggggcoogeg
goeckatecygg
tgoageoggoe
gactggaact
ttetercacgy
acggaccagyg
cteatecageyg
cggattttte
tggotcaacg
gacgaggaga
gegtitggacyg
gacectcgecea
cygggeggtey
gecacthteg
ceceggettac
gtgecagttcyg
gretttgacg
agtcgggtey
googaceagt
gtaagggceeg
gcogecgaayg
taccgeeogon
gycgtegact

geettgggea
agcggggtya
gtgteggega
atgccgtege
tagococgtoea
cgracccoyga
aatgeoggoeyg
acceccgagge
gtccactegg
cggtcgegya
ggcatggoegt
teccagateg
tagtcoggty
gegegtteott
atgaaacgeyg
cgctecoocgyg
ggagaaaaca
geotgetige
tegagotgtg
ctecctteeg
ggasaacacc
gggggaggtt
tececcegotet
agacgotgty
actcecegeyg
cgacetggyy
actactatcc
agctggtege
agcygcggeta
coocteacac
tittigaagac
aggacgctat
aagtgcgeac
cggaggaace
aaaccattca
ttgecgogte
goocacgagat
ccggggtgac
gtgagoaggt
cggtggtgygc
cgtoceggore
tettoggtga
agcacaccee
acgtegatce
tggtegagge
tcgcggacga
gtgctgoegt
gecoacgggoa
cegetgtgyt

ggectgtggt
actocagtte
cagggcogea
geagggettt
cggocagoag
agtoggggga
tegecteogge
tyeggaggge
tecaacggeey
agatgtgcte
cggaggegag
cggaccagaa
cgtcoacace
tgegetecte
acccettegt
tgacggagtg
cotacaacoe
cgggcaggge
ceggegggac
ggctggatgg
cgotgtgeoo
tgtgggcage
tgtacttgty
gogeatgtgy
acageocctgeg
gaactattac
cggcaccycy
cgaagcectac
cgeccatgett
gtegotagtyg
ctgecatggtyg
coegecasgegy
cecgogegeeyg
gaccggegeo
ggagtitcaan
gggcggggty
cggocteggac
tgtggaccge
catcgageag
gggggcgacc
geaggtctge
tgaccagocgyg
gchtgeaggag
cagccoccacayg
gggecgcgeag
ggctoaccac
gerggecgygy
ggatgeocogce
cgeaggeceqg
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FIGURE 33

(SEQ ID No. 40)

1
81
121
181
A4t
301
361

vgagpraats
gpaedgefl]
eaydfaghls
orvrvellds
tgayytlitas
gadepwvngv
gatvdtlayge

FIGURZE 34

(SEQ ID No. 41)

1 mritvisasa

61
122
sl
244

amggradgpls
Itedtrivil
heairdragd
alfvipddad

Jan. 5, 2016

red3flgipal
lspvgaatwg
flacsgurgy
kactdyesdal
ngrwinetiqg
glrdlatgvi
vy

1lilageadg
gepfclirssy
siggndligfy
agvvvbgylp
ehiscappgy

vivialtlvl
nyyalydsys
amidaidevy
rkrmakfati
efngglacay
vdrstfhpna

aracbagapp
aypelihasv
evageireri
lvsagdopel
rwaddggqgat

avptgratlw
sgdgardyyp
sldwnspht
fealisevrt
avhdesiaas
aghravgerv

gessggiree
tdltoggavi
sgenaddovd
gdvseadrrw
dayplhptza

Sheet 15 of 89

mamweeatadw
gtavkygoowr
slvtigiggn
repriarilvy
gavgsvefvd
iegqietgpgr

gaeastsitd
gidllepriig
ligetigeqgl
avealtggine
gheamazavy

US 9,228,211 B2

clgvpvdsrg
sanaypelva
dlgfstvikt
gyprifpeep
vyhaldghei
plyatfavva

vyialgdsva
extlpagvda
dalppqlgry
tvreaaerhd
dalglepvop
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FIGURE 35

(SEQ ID No. 42)

1 ttetggogtyg

61
121
iB1
Z4a1
301
381
421
481
541
0L
461
721
781
843
api
953

1021
1081
11431
A20%
128l
321
1381
1441
1501
1581
1621
1681
L74%
1801
igel
1821
1881
2041
2101
2161
2223
2281
2341
2403
2461
2521
2581
2641
2701
2761
2821
2881
2840

ttoscggggy
gtaggegyyg
gooooggtgs
ggaggtcage
gecageatogo
gogaaatgat
coatceggoa
ccatagtygy
tegggggeygt
thegeacoas
acganggigg
tggoeggagt
tgotcageaca
caactgtiat
amategtoat
ceglhggyagy
cggtgaatra
gtecotgasee
gacaccatga
gatygggece
grggagggay
tatgoggega
tecgghasatt
gtgaccgygy
gatgegotga
tecggggagy
gtggaccige
cgogitgoacy
ctgoogetcyg
cgttgggogy
cacgatgoec
cageagageh
toogeoggee
cagecgtags
cogeanatay
gatgatgage
acctgoggee
cocgarRygygeg
gacctgeect
coagagghty
acccecaggygt
geltyacgeoos
gaccgoocce
grygrtecocayy
ctocgogaty
rgtggcgatyg
acracctoetyg
gatocgtocogt
agggglggge

Jan. 5, 2016

ttatggggtt gttateggot

aottbtgtgt
ctghgtegoc
gogohgaaty
gecoggagty
goteeegggt
CRoCYYTIRY
attegyggeay
cyaagateto
cetigaitgge
ggagtgggac
gragtcooghk
tgtegtagge
tgatottoct
ttittoetgtta
ceaghtaate

cgorghoces
agtcaticolg
cgteoocgge
ggacaacggt
gggaggagac
cggaggegte
tgggegggcy
acceggaact
atctgetoga
cggaggacac
tggegggaty
tggggganac
aggctatecy
tgtoctgoocygg
ttragotgac
totttgtect
gggoggatat
atgaggegat
goegggegeg
egegogeagy
ageacackyge
tgctecggalt
ataccacygy
gaceecgeac
tagacacooyg
tgggatagga
cgggeganygy
ttggoeottn
gregecaggg
gtggocaggy
cgocaccyoga
geeagugtgg
trocgoggate
ggecactghbc

ooRACAGOTY
atgaggngga
saatcoggaet
totacgoagt
ctiggegtea
tgatacacey
cteegygtoy
ateotyotey
gtoctigetyg
gaggctyggas
gtzatecattg
getggeatce
trguetgtogy
ttttaggaat
ctgtcacaca
cgcaggatcey
taacchteat
gogogggage
catcgoagea
cgooggigea
gacaagoatc
ggatcocagoey
cotoosogoa
accocagyacy
caccetogte
catecgygaa
categgyggag
SgBCegogos
ggactgococa
cyggeagato
geccgacgat
COAGUIOCRS.
ggcogongae
cgettgtega
cgatggagta
cgaagygtty
aztgugeoca
cgscataace
cogoectecay
cocenagtac
cggtggeggt
tggaggtggh
cottgagghc
cgatgacgyc
cacctgaatt
toecacoegat
teagogogny
tggtgtecgec
agggoggati
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cgtectggat

agaatgagtg
ggTgggoLet
gtaatcagea
cggatontot
cteggotgtt
gtggteteat
aagtaggtyg
agyggtocica
aazaccgaggt
tgacggooga
AgURABTADYS
egangggana
tgtotggtag
tygtecatat
azatggotygyg
teggeatoygy
cacggttggt
cogogggtty
agegecattac
cogoegygty
ascegaogct
ttacggggty
gaggtcaccy
ctgggggage
acoectotoea
cggatogaoy
cagcetegate
ggggacgege
gaactgyggy
aacgagacoy
gergatgage
cagaccgatg
gteogggacy
cgaccaacce
cgoacoatay
tteccogayg
aceoggegaty
gyctgttocy
atoctecegyg
caccagoncy
gapdategygty
cacegoaagg
ctogcoogeo
aacocacaygg
cgasggectea
gaggatgtge
gtggtoateg
cttatccata
gtgatctygaa

ggateeegae

ocectgagogy
gtggtgeocan
tecogtygeoe
cggactegye
ctgeoctygety
secggatgee
catcrgatge
ggcoactote
goagettghyg
sgagoccegty
ocotoeacogn
cgatctoata
taccacggta
ceccacaggot
tgggageret
cgoatectgoe
tttaggtate
cgotagacay
tecktockege
aytoctoogy
acatogecot
asgeogttetyg
atctoacory
geacgotgee
togggggoaa
gggagsacyc
agctieecen
aggttgtgogt
atgtetecyga
Tgogogaggce
acaccaghiyg
cotatocgot
cgaetggaect
atgocagget
3ggatgagac
gtguegcagag
ascgatcaaca
gtgatgatga
ararteccyggy
grgaoeacas
geggtoteoe
gagaagtega
ageagetgge
aggaacLgen
tocacecogaac
agtatgeooca
goctggtogyg
gotecocatty
ctgtgatgtt

US 9,228,211 B2

aggtggggta

tgugastgag
gogacoecey
accecgtogy
catgetgteyg
tocctggaag
cactteggoyg
gtoggtgacy
cggatogata
ggottceaat
ghggacctca
apecagotiy
trtgtogatyg
gggctgaaty
ggotgtggte
ggtegeggtt
cggtacoeoay
cgococttita
gggagacgty
cggatygoegey
gogcatoegy
cggggattes
cetgegetoy
CLaggyyygcy
gyogeaggty
tgacctagga
tgatgattge
geagetggan
caceggttac
ggeggategt
ggocgaacga
tgeaccnnca
gcacoeogaces
gyaaceggte
geaglbcacat
cgatgrogac
cegaghocay
cooooaggat
togeggtooa
tggoesceht
coagoaceac
cateocggaggt
coatggreat
traatigoca
acgeggags
cgoaggatoe
ggacastgaa
cagreoeghtc
aagcyectiyg
ceatoracco
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(SEQ ID No. 43)

1 nrrcfrivgfl

Jan. 5§, 2016

sslviaagaa

6l ckrstkabpy lwasahspst

121 sdimttovly
LB81 Jgttedigise
241 nwlnigesyh

Figure 37

(SEQ ID No. 44)

-

B

61 aggcogbtca
[odntade fotuin funlet-1
accatogtoa
cogagosoot
cltecagogey
28l tegtogegoy
421 acgoggtogs
macagegogh

1z
181
243
301

4831

seasclaria
tkrtainkas
PLaagysggy

togaegtogye
totggogagt
cgttctoogy
toteggegay
agatcagcag
cgatcogray
tgttogooge
cgacgacgte

541 agggottegt gegggttcocac

601

ciegetitice

cugggoacgoa

861 gagtgtenge catttottgy

721

Thgtggeage aatectgota
781 gagttcocgete

gtoetogony

841 praavoogore googocgacy
201 ageoygggeoage tacatonget

%61

cotgtgggeg gocgoccact
1021 tacgggtgat

gttotaotoeeg

108 garcageato ggeggoracy

lr41

grocgagsge
1201 geccggeaag
1281 cgregtoatc

toctgeoctgt
ctoegacggoyg
ggctacaocge

1321 gaccaagogy anggegates

1381 cgecgoegoe
1441 grgeotoogygo

cacggetica
agoococtggo

1501 coseacogeny gocggoceagh

1581 teagyceggaa
cggggtoece
cgogtaggac
1743 geoeggigtey
cgggaagyac
1861 gtagecogaco
1821 gregtgegye
caccgactge

1621
1881

1801

1881

guRgRRgaERY
gteceogtet
gtygeoogos
tegbgegteg
agegteogeo
tecgogggea
ggoggroagg
getgoggyye

Sheet 17 of 89
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ltgastagan gpaaedgyva lgdsyssgvy
fdftacsganr tgdvisgglyg plesghgles
taeayvdstl pgkldgvysa isdkapuahv
dnintviagr aaahgftfgd vrttftghel

lpvingasa

gacoggegaon
ggtgcggtae
ctgeggtiog
grtoeggogohyg
cgtoecagooy
casgegeyoy
ghtgegagtac
goacgaggay
ggacatgteg
cgacagggye
catggacact
aggyaggtte
coggsgeags
gotatgtgyge
cyrRgaggega
cgocootocac
gacagetogy
acgocggttt
cgoggatoge
tetactogge
gottoctacaa
acaaggeotoe
cettcggoga
tgcacagegh
ceggtggeta
2RYGRTOGHS
cogtctoogt
coggactoay
teacracoac
aceoeggate
googocogac
coceccgagha

gtgtaytigy
gygecgegog
ggotogtong
gtogeogton
tegeacteooy
cegggeggesa
ggotyohcae
togotgtogt
ccatgategy
Tttotegooy
tecagtonac
catgagacgt
cetoacoggg
cotoggagas
ctgcaagogs
gttocgactto
cocgoteage
cgocgacase
caccgroegag
aatcageogac
gotoggraco
cgaoercete
cgtacgecacce
caactggctyg
cctgooggie
gugagacgay
ceoggtoecey
cacctocacy
geogteotgy
ggagaccgac
cgtgaracgte
grgagtyege

cecggacchc
gagggygagac
cogotoocgte
cogtgacgte
coagegtoege
gragegtgye
cegtggagas
ccacgttgag
graceoggeo
tetteecgtoo
gegegtaget
ttecgactiyg
geagogacey
tootsotoct
agcacganygyg
acegectgtt
tecggeaccy
atgacgacct
gogtacgtog
aaggogecyga
acctgeatoey
aacacogioe
accttocaceyg
rRacatoggey
choaacggeyg
gagtygyyagy
caagteacey
cgoatggoac
cgogagoegoet
cogtocgegy
geogtgaacy
gagoooacea

agsyisssgd
isigondagt
wwigyprivk
cegspwlhsv

gtoccagyty
gtaccagaag
cgtoegootey
ggogeoeegy
gotgoggtog
googgreogt
aLggeegagy
coeggategge
guaogogtgea
gracttgnac
guracoacgy
toggettoot
Cooaggegyc
cegggghogy
cogataccta
Ceggoueney
goectoegioete
gtgtgetcoa
avtogacget
acgeoccacgt
goctgtocga
tegooaergey
gocacgageh
agtegtaccea
cogooigace
ceoocgoreygs
agzacgsocac
tetegaacge
cgoogoooga
toaccoacog
caggtgoceg
cggtcaccic
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FIGURE 38

(SEQ ID No. 45)

1
&6l
121
181
243

mrrsritayv
ckrsskaypy
sdwmitovig
lggsclagls
Ldillnigogsy

FIGURE 39

SEQ ID No. 46

[ofaX-Yelothtotutelns
cgttcagoyge

. tgoeocttget

cotrgatege
cgggeagtye
teocggatott
cgeetgggty

431 gogloghght

agttgagaos
CUGUTEACIC

1 gotggtacga

attacggeat
acggceyeaygy
tegheoggta

L raggoctate

tgotoyygeg
accggnotgy
acctgtghge
gtogactoca
cegtoggece
chegeggges
agogeoecatey
Lrocacoggee
atoggeooagt
sacagogigy
gtgascooga
geacggagtt
tegttecyget
Tocgoogggaa
ageggtacte
cetgggeggt
cottoacygga
tggageotga

tslllavgea
iwgaahspss
sdsasclerin
etkrsainda
hptasgygsyy

ghogyeggeg
ggegeogaans
cgacgoggon
efegeelsfeistol-Aed
ggtgartecg
ctitgotacge
gggegeacgy
ccgooectgyy
chgteatgay
cyggraaglge
cggtiacgge
acgtgacete
cgtecoeage
teggegergy
cogtscctotyg
ctegtacggg
totcoctoan
teecagtooga
cockgeengy
atgtggeeygt
toteggagas
ccaagoegtgo
atgagabety
cotaccacne
cetgagetee
agoggaggen
ggacgtogty
cgtgtegtac
ggazcagogio
cacoctogace
SHYCYETggy
ctygggeogye
gotgtggheg

ltgastagas
fsfmacsgar
Takayvdsil
adylusaiak
yipemnsva

agteteotgy
ghettettea
tigsagcogg
COYYTTTTEE
cocacygagyy
agctgtgeoa
ctgtgggggyg
tigagtaaay
tetgacatga
cgageagtet
agagatooty
actcotaecto
cgoogoggen
cagetaccte
[sfat:-Tete ntuteotes
tratgtectyg
DETaggsgygc
cagcgootge
craactcogac
gectgggetac
caagegghen
cyeTgRCTan
ctoocrgcage
gacogogges
cacggeotga
cegtoecgtog
cgeaceggygt
ghgatgacga
ticcagocog
gygcacroggs
cagucacogy
gygygtcgtog
coetegeegt

paaratygyva
tgdvlangly
pygldsvyta
raadhgftfg

cotegytoge
cogtgoagee
tgenctiott
geaccgtgee
cgocegghoge
tacgaggygag
tgugegegte
seteggocat
goaograate
tggocatggac
ctaazgygay
groegicgget
acgggekeatg
agetecageg
catitcacect
gocaatcage
arcgangogy
crtotocegea
agegtgtaca
cecegettet
goeatcaasy
gucttocacct
acctyggotyge
ggceagtenyg
atttiteaygy
gagteteegt
cgogoacctc
zeanctgett
gatcogggac
coacugtoaa
agtagteggt
taccgooyeo
cggegttgte

lgdsyssgvy
tinsstglvs
ilatkapsahv
dvkstftghe

ggrgaggtiy
grtactogtiy
gagegtgacy
cLeggreygyy
cacyggoggtt
tectoctety
stoacgoana
ctacgggagt
/ABTHGIFACCg
acttoctgte
gticratgag
gogecotcac
tggooctoegy
gegactgecaa
cgbogticay
toggesccct
gottohoogs
tCaacacgge
cggagatcayg
acasactggy
acgeggecga
teggegacuyt
acagtotoega
geggetatoet
cotgaatttt
cgoacaggte
gacggogatce
ctgctgggte
ctogooottoe
ggtogeegty
gtgeacgcey
gocaccgoag
gtestegygy

agsylsssgd
Itiggndagf
avigypriyk
ipssstwlhs

googtgtags
atcaggench

tgtagotge
gtggectgyy
atogogyega
ggtageggey
cggecatgga
ggctoaaygy
tgagraceoe
AACACGCYTA
acgtioongn
cygggrageg
cgactegtac
gegeagttog
tttcatgygot
gaactogtcee
cgreatgacy
gaaggogtac
cacgasggee
cggeteetge
ctatotgaac
Ccaagagoace
cochgotgaac
gozggtoatyg
traggogaay
accgagaacy
togttogaga
ttitocogesge
ttggtcaccco
racgtygygeyg
ghtgacegtea
cotancggag
gritioyans
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FIGURE 40
SEQ 1D No. 47
1 mygsgpraatr rrifigipal vivtaltivl avptgretlw mmwcoestgdw clgvpvdszg
61 gpaedgefll lspvgastwg nyyalgdsys sgdgardyyp gtavkggowr sanaypelva
121 esydfaghls flacsggrgy amldaidevg sgldwnspht siviigigen digfstvlkt
181 vmvrypllds kactdgedsi rkrmakfett foelissvrt rapdarilev gyprifpoep
241 tgayvtltas ngrwinetig efngglasav avhdeeisas gogvygsvelvd vyhaldghedl
301 gsdepwvngy glrdlatgve vdrstfhpna aghravgerv lsgietgpgr plyatfavea
261 gatvdtlage vg
FIGURE 41
SEQ D No. 48
k3 cigeagacas cogoouegee thotocogge togtratgtt cggegactots cheagogans
81 coggeaagat gtactocarg atgegoggot rRectgoegte ctooecgooy tactacgagy
121 goegottete gascggooey gtetggetoyg agoagrigac gazgoeanghbitc cooggooetys
181 cgatogecoan cgaggoccgay ggggaagega cogeagtoge ctatascaay atctootggm
243 aoccgaagta veaggtcatt ascracoteg actacgaggt caccerghto ttgoeagaagy
304 actegticar gooogacgac ctggicatoe tgtagulggy cgecaatgar tacetyggont
2% moggtigoaa CAnggagoag gacgocaago gggtgogega cgecatotog gacgoggoas
423 accycatggt cotgeacgge gogasgesga toohgobygtt caacctgooe gacctggyoo
481 agaaccoghe cgeoogotoe cagaeaggtcy togaggeegt ctogeevgtyg teocgootacs
541 ascaactaagot gotoctoaan ctegooegge agotogoces gaoggitaty gtoeaagatygt
601 tegagetega caageagtic geggagaltge tgegogacece ccagaactie ggocectgagay
661 acgtggagas ceogtgotac gacggoggnt acgitgbggas gocgttogee acceggtoecyg
7Z3 tohcgacoga coggeagotyg toggoottot cgococagga goegechtggog atogobggoa
784 acecgctect ggeacaggey grageobtitcge cgatggecocyg cogotoggoe togooactea
298 actgogrggg caagatgtitc tgogacoagy tecacoccoac cacogbtguto cacgoocygees
201 totegrageg cgoogorace tteatogaga coeagtacga grthoctogooe cactaghcts
g61 gaggatce
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Figure 42

L1341
S.avermitilis
T, fusca

. Consensus

<

W

1 50
1 {1} = MRLTIRSLSAASVIVEALLLALLGI SPADAAG S~~~ mom o e
2 1) e MRRERITAYVITSLLLAVECALTGAATAQAE PA— ———— e
3 {1} VGSEPRAATRRRLFLGIFPALVILVIALTLVLAVPTGRETLWRMWCEATODW
4 {1} MRRBRFLA ALILLTLA AL GAA ARAAP
51 iDo
1 {B2) v o e e s e e e e e e P-AYVAL SGNGAGSYID
2 {B3) o v e v e e o SEVEAGRYLS
3 {51} CLGVPVDERGQPARDGCEFLLLSPVOAATWENYYALGDSYSSGDGARDYYR
4 {51} IS GAGSY
101 126G
1 {53} S58GD~—-CHRENNAYPARWARANAP~—-~SSFTFAACSCGAVITDVIN»-—~
2 (57) SEBGED-—~~CKRSEKAYPYLWQAAHSP~~~S8FSFMACESGARTEDVLA~~——
3 {101) GTAVKGGUWRESANAYPELVAEAYDFA~~GHLEFLACSGORGYAMLDATIDE
4 {101y BBGD T RETKOAYPRIWARBHA GSFSE ACUBGARTYDVLA
151 200
1 {83} ~—HOLGALNAST—-GLVSITIGERDAGPADAMI TOVI B w SLSTCL
2 (27) --NOLGITLNEST~-GLVEL] FODRDVMTTCOV L~~~ SDSACL
3 {148) VEESQLDWNESPHT-—~SLVITEIGENDLEGE S YVLETCMV R - VPLLDS
4 {1517 QL LEs ¥ LVSITI FAD MTICVL SDEBACL
201 250
1 {133} NRIATATNYIWNTTLLA-~——~——~ RLDAVYBOIKARAPNARVVVLEYPRMY
2 {137} SRINTARKARYVISTLRG— -~ QLDSVYTAISTHRAPSARVAVLGYPREY
3 {181} KACTDREDAIRKRMARE-—~—-BITFEELISEVRIRAPDARILVVGYPRIE
4 {201} RIA AKX ¥YI TLPA REDBVYSAY TRAPY ARVVVLGYPRIY
253 300
1 {176} LASNPWYCLELSNIRKRAAINTTADTLNSVISSRATAH~~~—m————— GF
2 {180} KLGG~SCLAGLBETKRSAINDARDYLNSATAKRAAIM -~ e — Gy
3 {237) PEEPTGAYYTLTASNQRWLNETIQEFNQQLAE?VAVHDEEIAASGGVGSV
4 {251} 86 LGLE THKRAAINDAAD LNSVIAKRAADH EF
301 350
1 (Z215) RFGDVRPIINNHELEFPGNDWLHESLT L P e o e s oot com o om e o VWESY&
Z {(218) TEFGDVKSITFPGHRICSSSTWLHSLDLLN e or e o o e TEOSYH
3 (287) EFVDVYHALDGHEIGSDEPWVHGVULRDIATG-——~——m—- VTVDRST?E
4 {301) TEFEDV TF GHELCBA PWLHSLTLE v SYE
351 385
1 (248) PTSTGHOSGYLPVLNANG ST - s s o oo oo e e
2 (282} PrAAGOSGEY LR VNSV A o i e et oo e o e e o e e
3 {328) PRABGHRAVGERVIEQIETGEGRPLYATFAVVAGATVDILAGEVG
A P28y DPIPD QEARCVYT.PVTNGST T
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SEQ ID Ne 17 which is the amine acid sequence of a Hpid acvitransferase from

Candida parapsilosis;

PRYFATAFLL
VRSEDTEGNE
DREYYVVT 2L
EYAPELSKNL
GNTHCLLDGEE
RYLRYEPDGW
GEINEDLTING
FRLGEPDVKRD

FIGURE 44

INTISA¥VIA
NAIVITLIQP
YEGPESTETV
LEAALGEEVT
IAYFCGESEFR
DLUNOERIXKT
HEITESIVGA?
EVPLEGLIKL

SEQ ID No 18 which

Condida parapsilosis;

MRYFATAFDLL
VREEDTFENP
DRGYYVVTPD
EYAPRPKLESKNL
GNTHCLLDGG
VEPIVNSRKIF
PETPQRTRNY

INTISAEVLA
HAIVITIIOR
CRGPRSTTV
LEAALGGEVT
LAYFGKSEFS
QUWCDWGLKS
PREARLHATILG

PRERSQDDEY
PNAKEDELVE
GLOSERATLYN
NITRTARAVD

TIADNGLVYQ
BALTWIINRE
BREAF

TPRPQEYERQR
YQTFHRDSGERL
SLRATLESGR
SGPFAGIIBN

PEDLTRPQIRL
NEQEEVDEOR

LESTLRTRRIV
DCAPBSYAILIQY
LTGVSEDAET
ALABIGNEYY

FIVHGTLDAT
HNVBASNLEY

FNELINVETP
GEDISTLTTY
LLWGYBGGESL
DEERYLLEXY

VEIVNBRRTE
PETERSIRNY

VEVCNAWOLL
GEMYYISALL
ASGWARRIOR
SPLLSTTYRL

QUWCIWGLES
FEAALEALILG

is the amino acid sequence of a lipid acyliransferase from

PREESQUDFY
ENAKKDRLVS
GLOBGRATLN
WITATARRVD
EIIRYFPDLGW
GCEYNEDLTRE
FDLOGPDVERD

TEROGYRADE
YQTTEDEGKL
SLRATLESGN
SGPFAGTISN
DILVNQEPIKT
HITESIVGAP
EVTLGEGLIKL

LGSILEIRIV
DCAPSYAIQY
LITGVESDARY
ALAGIGNEYP
TLOONGLVYD
BALTWIINRE
ERFAFHEHHER

EPNPLIRVETE
GEDIBTLETO
LIWGYBGGSL
DEENYLLEKY
PRDOLIFPQIPL
NGQPPVYDEED
B

VEVONAWQLL
GEMYYISALL
ABEWARNTOK
SPLLBITYRL

HEVRASRLEY
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FIG. 46
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FIGURE 51
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FIGURE 52
1 50
P10480 {1} MEKEKWEVOLLGLVALIVOAADSRPAFSRIVMEGDSLEDTCKMYSKMRGYLE
A, sal (1) ——rmwmmer e e ADTRPAFSRIVMFGDSLSDTGKMY SKMRGYLP
A, hyd (1) = e e ADSRPARSRIVMEGDSLSDTEKMY SKMRGYLP
Consensus (1} AD*RPAFSRIVMFGDSLSDTGRKMY SKMRGYLP
51 100

Pi0480 (51} SEFPYYEGRIESNGPVWLEQLTNEFPGLTIANEAECGPTAVAYNKISWNPK
A. sal {33) SSPPYYEGRFSNGPVALEQLIKQFPELTIANEAEGCGCATAVAYNRISWNER
A. hyd (33) SESPPYYERGRFESNGPVWLEQLTKQFPGLTIANEARGGATAVAYNEISWNPXK

Consensus {51) SBPPYYECRFSNGEVWLEQLI**FPGLTIANEAEGG* TAVAYNKISWNEK
101 150

PLO480 {101} YQVINNLDYEVIQFLOKDSFEPDDLVILWVGANDYLAYGWNTEQDAKRVR

A. sal (B3) YQVINNLDYEVIQFLORKDSFKEDDLVILWVGANDYLAYGWNTEQDAKRVRE

A, hyd (B3} YOVINNLDYEVRQFLOKDSFRPDDLVILWVGANDYLAYGWNTRODAKRVR
Congsensus (101) YOVINNLDYEVIQFLOKDSFKPDDLVILWVGANDYIAYGWNTEQDAKRVE
151 200

210480 {151} DAISDAANRMVILNGAKEILLFNLPDLGONPSARSORVVEAASHVSAYHNQ
A, sal {133} DAISDAANRMVLNGAKQILLFNLEPDLGQWNPEARSQEVVEAVSHVSAYHNK
E. hyd (133) DRIBDAANRMVINGRKOILLFNLPDLGONPSARSORKVVEAVSEVIAYTHRG
Consensus {151} DAISDAANRMYVLNGAK* ILLENLPDLEONPSARSQKVVEAYSHVSAYHN*
201 250
P10480 {201) LLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDORNACYGESYVH
A, sal {182) LLINLARQLAPTGMVKLFEIDXQFAEMLRDPONFGLSDVENPCYDGGEYVW
A. hyd {183} LLLNLARQLAPTGMVKLIEIDKQFAEMLRDPONFGLSDVENPCYDGGY VY
Congensus {201} LLLNLARQOLAPTCMVHKLFEIDKOQFATRMLRDPONEFGLSD* *N*CY*G*YVW
251 300
PLO4ED {251) KPFASREASTDSQLSAFNPOERLAIAGNPLLAQOAVASPMAARSASTLNCE
A, sal {233} KPFATRSVSTDRQLSAFSFOERLAIAGNPLLAQAVASPMARRSASPINCE
A. hyd (233) KPFATRSVSTDROLSAFSPQERLAIAGHPLLAQAVASEMARRSASPLNCE
Consensus (251} KPFAFfRS*STDYQLSAF*POERLAIAGNPLLAQAVARPMA*RSAS*LNCERE
301 336
?10480 (301} GKMEWDQVHPTTVVHAALSEPAATFIESOYEFLAH-
2. sal {283) GRMFWDQOVHETTVVHAALSERAATFIETQYEFLAHG
A. byd (283) GKMEWDOVHETTIVVHAALSERAATFIANOYEFILAH -
Comsensus (301) GRKMFWDQVHEPTTVVHAALSEXRAATFI**QYEFLANY

FIGURE 53
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FIGURE 54
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GUTTTTCTTT
CGABABGABA
-10
TACARTATCA
ATGTTATAGT
¥ a R
TTACGCCLGA
ABRTGCGGECT
5 A A
TTCAGCAGTA
AAGTCETCET
D T G
CGATACGEGC
GCTATGCCCE
< B & R
TGRAGGECLEC
ACTTCCEGRG
LI PR R
ACTGACGATC
TGACTGCTRG
W D P
CTGEEBACCCE
BACCCTEGET
- K D 8
EARRGACAGC
CTTTCTETCE
A Y G
GROGTATEGT
CCGCATACCE
A N R
CGUTAATAGA
GCGATTATCT
-3 0 H
GGGACARAAT
CCCTGETTTTA
- Y H KN
CTATCATARD
GATAGTATTG
L F E
ATTGETTTGRA
TAARCAARCTT
s D V¥V
GRGCGATGTC
CPCGCTACAG
-8 VvV 8
ARGCGTCAGC
TTCECAGTCG
- & N P
CGERAATCCE
GCCTTTAGGC
L N C
GCTGAATTGC
CEACTTAALG
- A L B8
TGCCCTPTCA
ACGGGAAART
rstop
CTERAGTTAAC
GACTCAATTG
ACARAGGTARA
TGTTCCATTT
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TGGAACARRAR TATAGEGAAR
ACCTTCTTTT ATATCCCTTT

TATGTTTCAC BRTTGAAAGGGE
ATACARAGTEG TAACTTTCCC
L L 7T L L F 2
TTGUTGACGE TGTTATTTGEC
AACGACTGCG ACBATAAACG
b T R P A F 5
GATACAAGAT CEGCETTTAG
CTATGTTCTE GCCGCAARTC
XK M ¥ 8 XK M R
RADATETATR GCAAAATGAG
TTTTACATAT CGTTTTACTC
F B R G P vV W
TTTAGCAATE GACCGETCTG
ABATCGTTAC CTGGCCAGAC
A N E A E G G
GCTAATGAAG CAGRAGGAGG
CEATTACTTC GTCTTCCTCC
X ¥ g v I ¥ N
ABATATCAGG TCATCAACHA
TTTATAGTCC AGTAGTTGTT
F XK P D D L Vv
TTTARACCGG ATGATCTGET
ABRTTYGEGCC TACTAGACCA
W BN T B Q D A
TGGARCACAG AACAAGATGC
ACCTTGTGETC TTGTTCTACG
M VvV L N G A K
ATGETCCTGEA ACGGCECCAR
TACCABGACT TECCECGETT
F 8 A R S 0 K
CCGAGCGCCA GAAGCCAARA
CGGCTCECERT CTTCGETITT
X L » L N L A
ABACTGCTGEC TGRACCTGGC
TTTGACGALCE ACTTGGRACCG
I D X 0 F A E
ATTGACABAC AGTTTGCCEA
TARCTGETTTG TCARACGGCT
E N P C ¥ D 6
GABBACCCGT GCTATGATGG
CTTTTCGGCA CGATACTACC
T D R © L &8 A
ACGGATAGAC AACTGTCAGC
TGCCTATCTGE TTGACAGTCG
L L A Q AV =
CTTTTGGECAC ARGCAGTTGEC
GARAACCGTG TICGTCARAACG
E 6 XK ™ ¥ W D
GRAGGCAABA TGETTTTGGGA
CTTCECGTTTIT ACAARACCCT
E R A A T F I
GAARGAGCGE CGACGTTTAT
CTTTICTCGCS GUPGCARATA

AGAGGALGGA TTTCLTGRAG
TCTCCTGCCT AAAGGACTTC
GGATAAARCT TCGAG
CCTATTTTGG AGUTC
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-35

ATGETACTTG
TACCATGAARC

GRGGAGBATC
CTCCTCTTAG
L I P
GCPCATCTTC
CGAGTAGAAGR
R I V
CCBGATCGTE
GGCCTAGCAG
& Y L
AGGCTATCTT
TCCGATAGAA
L B Q
GCTGGBACAA
CGACCTTGTT
A T &
AGCRACAGCE
TCETTETCEC
L D XY
CCTGGACTAT
GGACCTGATA
i L W
CATCCTTTGG
GTAGGARACT
E R V
CAARAGAGTC
GTTTTCTCAG
0 I L
BCARATCOTE
TETTTAGGAC
v Vv B
BETCGTCGAA
TCAGCAGTTT
R Q L
ARGACBATTG
TTCTETTAAC
M L R
ARTGCTGAGA
TTACGACTCT
& Y v
CGGRTATGTC
GCCTATACAG
P § B
ETTTAGCCCE
CABATCGGGE
s P M
TPCACCGATS
AAGTGGCTAL
Q v B
TCAGGTCCAT
AGTCCAGETA
E T OQ
CGABACACAG
GCTTTETGTIC

GARATCCGTT
CTTTAGGCAR

TTAAABATTC GGAATATTTA
BATTTTTAAG CCTTATARAT
M K O 0 K R T
ATGAAACAAC BRARACGECT
TACTTTGTTG TTITIGCCEA
L L P H 5 A A
TTGCTGLCTC ATTCTGCAGC
AACGBECGGAG TRAGACETCG
M F & D 5 L B
ATGTTTGGAT ATAGCLTEAG
TACAARACCTC TATCGGACTC
P 85 858 P P Y X
CCGEPCRAGCC CGCCGTATTA
GGCAGTTCGE GUGGCATAAT
L T K Q PG
CTGACGBARL RATTTICCGGE
GACTGCTTTG TTARAAGGCCC
vV &2 ¥ W XK I 8
GTCECCTATA ACAAAATCAG
CAGCGGATAT TGTTTTAGTC
E vV T Q F L Q
GAAGTCACAC AGTITTCTTCA
CTTCAGTGTE TCRAARGRAGT
v G a N DY 5L
GTCGGECECCA ATGATTATCT
CAGCCGCGHET TACTARTAGR
R » a I s D A
AGAGATGCCA TCAGCGATGC
TCTCTACGGET AGTCGUTACG
L F N L F D L
CTGTTTAALC TGCCEGATCT
GACABRATTIGG BCGGCCTAGA
A V 8 H v 5 A
GCAGTCRAGCC ATGTCAGCSER
CETCAGTCEE TACAGTCECE
2 P T G M VvV X
GCACCGACEE GARATGGTTAR
CETGEECTIGCC CTTACCAATT
D P QN F G L
GATCCGCARRAR ATTITEGLCT
CTAGGCGITT TAAZRACCGGA
w K ¢ F a T R
TGEGARACCGET TTGCCACAARG
ACCTITGEGCA ADCGGTGTTC
Q9 B R L A I a
CAAGRAAGAL TGGLRATCGC
GTTCTTTCTE ACCGTTAGLE
A R R B8 A 58 P
GCRAAGAAGAT CAGCAAGLCC
CETTCTTCTRE GTCETTCEER
P T T VvV v " 2a
CCGACAACAG TTGTCCATGC
GGCTETTGTIC ARCAGGTACG
¥ B F L A 3 G
TATGRATTIC TGGCCCATEE
ATACTTARAG ACCGHEGTACC

TTTTTATTTIT AAGCTTGGAG
ARAARATABAR TTCGAACCTC
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FIGURE 57 (SEQ ID No 49)
1 ATGRRACHAALC BRAARATGGCY
TADTTTGETYGE TITTTECCGA
5% GCTCATCITC TTECTEECTC
CEAGTAGRAG ABCGACGGASG
101 CEECEITTAG CCOGATCSETC
GUCECABATC GRCCYALCAE
151 ARXATCTRATA GUARARATGAG
TETTACATRT CETTITTACTC
20% TERAGGLCEC TTTAGIBATEG
AUTRCCGECE BAATCETIALZ
251 ARTTICCEEE RUTGARGATC
TTARAGECOC PEACTECTAG
301 EPCECOTATA ACRARAYUAG
CAGCGGATAT TETTTIYRGTC
351 COPGEALTAT GCRAGTCACAC
GGRACCTERTA CUTTCAGTETE
401 ATEATOPEET CATCOYTIGE
TACTAGARCCA GHTAGEBRALC
453 TEHEEARACACAG AACAaGEATRC
ACCTTEIETC TTETICTACG
S0 CGCTAATAGR ATGETCCTERA
GUCATTATCT TACCAGGALT
551 THCCGCATIT GGGACRAZAT
ACGECCTAGR COCTETICTA
601 GCAGTCAGCC ATETTAGCGT
CHETCACTOEE TACALTLGUG
651 AAGRCAATIE GLARCGACGEE
TECTCYTARAL CETEECTECO
FASEN ASTTIGCCGER BATCUYCGALGH
TCARAALGGEDY TTARCGACTOY
751 GARARALCCHETY GOTATERATEG
CPTTTEGECA CBATACTACT
801 ABRCETCAGC BCGGATRAGHRT
TPTCECAGETCE TGCCTARTCTS
851 TEECAATLEC CEGABATOCG
ACCGTTAGCE GUCITTAGGC
a0l SCAAGRAAGRT CABCRAGLCC
CETTCTITCTA GTCETTCGEH
851 TCAGGTCCAT CCERCARACAG
AGTCUAGETA GROYGTTSYC
1001 CGACGTTTAT CCAMACACARE
GUTECABATA ECTTIERTETC
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TTACGECCLGH
ARTECEEEDT

ATTCTGLALC
TARGRLCGTCG

ATGTTTCEAG
TACRBACCTC

AGGUTATCTY
TCCGRTRBAA

GACCEGTCTE
CEGRCCAGAL

GOTAATERAS
CGATIALTTIC

CIGGEADCTE
EACCCEGEEC

AGTUICTYCR
TCABAGARET

CRCHEECECCA
CAGCCGCHET

CAABAGRETC
GITTICTCAG

ACGGTGLCAA
TGLCECEETT

CCEAGCECCA
FECTCEURGT

CEATCATAMC
GATAGTRTTE

TPECTEACET
ARCGRCTECE

TTCAGCAECA
RAGTCETCET

ATAGCUTGRG
TATCEGRCTC

CCEICanGeo
GEUAGTTIGE

ECTGGARCAR
CEACUTTETT

CRGRAGEAGE
GFICTTCCTCC

AAATATCAGE
TITATAGTIC

GRBAGRLIAGE
CTTTCTGTLG

PEGATTATCT
TACTARTAGA

AGABATECTA
TCTCTACEST

BCABATOCTE
PETTTAGGAC

GARGCCAARA
CTTCHEETTTY

AAACTCLTER
TTTEACGRDG

SAATGETTRA
CETACCERTT

GATUCECRAAA
CTAGRCEDTY

CGEATATGTC
GCCTATALAG

BACTETCAGC
TIEACAGTCG

CTTTTEECAC
GARAACLCGETG

GUTGEARTTIGC
CEACTTAALG

TIGTCCATEC
ABRCAGGTACS

TATGAATTTC
BTACTTAANG

ATYTETTIGAR
TARCABAITY

ATTTTGGTOT
TALARACCEGA

LEERARCTET
ADCTTTESCR

GITTAGLCCE
CBAATTGEGC

ABGCRETTGC
TTCGTCAACG

GRAGGCRARA
CrTCCETTTY

TECCCTTICH
ACGEGARAGT

TEECCCATEG
ACCEGETACS
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TEITALTTGC
ACAATAARLE

GATRCAAGRT
CTRTEETCTE

CEATRCGGEEE
GUTATGCCCE

CGCCETATTA
GCEEUATAAT

CIGACGARAT
GRCTGCTTIC

AZCAATAGLE
TCETTETCGEL

TCATCAACAR
AGTRAGTTELTY

TTTARARCCEG
AARTITGHLT

GECETRTGEED
COGCATACCG

TCAGCHATES
AGTCECTALG

CTGTITARCE
GACARATIGG

AGTCETCGAR
TCABBECAGCTT

TGARCCTERC
ACTRECATCE

ATTHERCRARAC
TRRUTETTVG

GAGUGRTGTC
CTCGCTACAS

TIGCCACRAG
RAACBGETETIC

CAAGCARASAC
GTTCTTIOTE

TTCACCSATE
RAAGTGECTAC

TGITTTECES.
ACARABLCCCY

GCRAARCAGLGGE
CTTTCICENC

CTEA
GACT
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FIGURE 58 (SEQ ID No. 50)

ATGARADAAAT
AGCLCETCCCE
ATGTACAGCA
TCCARACGEGC
ARCGAGGCGE
TATCRGGETCA
AAGCCGGALCG
AARCACAGAGC
ETELTEAACE
TCEELCLGCR
CTGUCTGCTGA
GACRAGCAGT
ABCGCCTGELT
GACRGCCAGC
CTGEGCCCAGE
GECARGATGET
CCCGCCECCa

GGTTTGCTECTE
CCTTCTCCCG
AGATGECGELGE
CCETCTGECT
ARGGCGGACT
TCAACRACCT
ATCTGETGAT
AGGATGCCAA
GCGUCARGGA
GCCAGAAGET
ACCTGGCACG
TTGCCGAGAT
BCGETGECAG
TETCCGCCTT
CCGTCGECCAG
TCTGGGATCR
CCTTCATCGA

TTTATTGGGA
GATCGTGATG
TTACCTCCCC
GGRGCAGLCTE
GACCGCCETE
GGACTACGAG
CCTCTEGEETT
GCEGEGTGCGEE
GATACTGECTG
GETCEAGLELE
CCAGCTGEELT
GUTGCGETGEAT
CTATGTATGE
CRACCCGCAG
CCCCATGGLT
GGTCCACCCC
GAGCCAGTAC

FIGURE 59 (SEQ ID No. 51)

TTEETCGLGT
TTTGEECGACA
TCCAGCCCOC
ACCAACGAGT
GCTTACRACA
GTCACCCAGT
GGCGLCAACE
GACGCCATCA
TTCAACCTGE
GCCAGCCATE
CCCRCCGGCA
CCGCAGAACT
AAGCCGTTTG
GAGCGCCTICE
GCCCGLAGCE
ACCACTGTICE
GAGTTCCTCG
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TEACAGTTCA
GCCTCTCCGR
CCTRACTATGA
TCCLGGGCOT
AGRTCTICCTE
TCCTGCARRR
ACTATCTGEGE
GUGATGLGHEC
CEGATCTIGGE
TCTCCGCCTA
TEETGAAGCT
TCEGCCTGAG
CCTCCCECAG
CCATCGCLGE
CCAGCRCCCT
TGCACECCGEC
ceeac

US 9,228,211 B2

GGCAGCCGAC
TACCGCLARG
GEECCECTTC
GACCATAGLC
GRATCCCARAG
AGRCAGCTIC
CTATGECTGE
CAACCGCATGE
CCAGRALCCC
CCACRACCAG
GITTCGAGATC
CGARACCAGAGG
CECCAGCACT
CARRCCCECTG
CRACTGTGRE
CCTGAGCGAG

1 ATGAAARRAAT GGEITTGETITG TTYTATIGGGEGE TTGATCGCGC TGACAGTTUR GECAGCCGAC

&1
121
181
241
301
361
421
481
54L
601
661
721
781
841
201
961

ACTCGCCLOG
ATGTACAGCA
TCCTAACGGAL
AACGAAGCEG
TRICAGGTCT
AARGCTCGGACG
ABTACGGAGT
GTACTGARCG
TCAGCCCGCA
CTGECTECTEA
GRCAAGCAATY
ARCCCTCTECT
GRCCGECCAGC
CPTGEGCACAGE
GGCARGATGET
CGELGCCGLea

CCTTCTCCCE
BEATGECGCGE
CCETCTEECT
AAGGCGETGEC
ACRBRCARALCCT
ATCTGGTGAT
AGGATGCCARL
GTGCCARGCA
GTCAGAAGGT
ACCTGGCACG
TTGCCGAGAT
ACGACGECGG
TCTCCECCTT
CCGTTGCCAG
TCTGGGATCA
CCTTCATCGA,

FIGURE 60 (SEQ ID No.

61
121
181
241
301
361
421
481
543
803

721
781
841

ATGCTGARGC
GCCCPCGGCT
GACTACGTCG
GCCAACCTGC
GGECGECCCECT
CAGTACCCGG
CTCACCATCG
GCGGETETCC
GACGACGAGR
GCCAGGGCTC
GCCGARCCCET
GCCATCCAGG
TACGTGGACT
TGGATCGAAC
GAGCGGCECA

CTGCCCTTCG
TCACCGACGL
CCOTCEGEGA
TCTGTCTECG
TCACGGACET
GCGTCGTACC
GCGGCAACGA
TCAGCEGLGE
TCGAGGCCAR
CCCACGCCAG
CCTECTTIOL?
CACACCTCRR
TCTCCEGEGT
CGLCTGCTCTT
TEGCCEAGCA

GATCGTGATG
TTACCTLCCE
GEAGCAGCTG
CACTGCCETE
GGRCTACGAG
CCTCTEREETT
GCEAGTTCEC
GATACTGCTG
GGETCGAGGCGE
CCAGCTGELC
GUTGUGTGAT
CTATCTETGE
CAGTCCGCAG
TCCTATEGLC
GGTACACCCE
GACCCAGTAC

52)

CCETETCATG
CACCGCCCAn
CAGCTACAGC
CTCGADGGCC
CACCTGLGEC
CCAGTTGGAC
CAACAGCACC
CAAGGGCAGC
CARCGTACCCC
GETGELEECT
SRAGUTCCCC
CGRCGLGETC
GTCCEACEGT
CGGEGCACACC
CACGATGGAC

TTCEGCGACA
TCCAGCCCEL
ACCAAGCAGT
GCTTACRACA
GTCACCCAGT
GGETGCCRATG
GATGCCATCA
TTCAACCTGEC
GTCAGCCATE
CCCACCGGLA
CCGCAGAACT
ABGCCETTIG
GARACGCCTCGE
CGCCGLAGLG
ACCACTETCGE
GAGTTCCTCG

GCCTCTCCGR
CCTACTATGA
TCCCEEETCT
AGARTCTICCTG
TCTTGCAGRA
ACTATCTGGC
GCGATGELEGEC
CGGATCTEGE
TCTCCGCCTA
TGETAAAGCT
TCGECUTEAG
CCACCCECAG
CCATCECLGE
CCAGCCCCCT
TGCACECAGC
CCCRACGGATG

TACCGGCARA
GGGCCETTTC
GACCATCGCC
GRATCCCRAL
AGRCAGCTTC
ATATGGEUTEE
CBACCGECATE
CCAGAMCCCG
TCACRACRAG
GTTCGAGATC
CGREGTCGEAG
CETCAGCACC
CAACCCECTG
CBRACTGETGAG
CCTGAGCGAG
A

ACCGCGACAG
GCCGLGoCLE
GCOCGEETCCE
AACTACCCLCC
GCCGLCGCAGA
GCGCTCGGLA
TTCATCAACGE
CCCTECARGE
GCGCTCAAGG
CTCEECTARLC
CTCECCECCE
CEGECGEECLE
CACGACGCCT
CTCETTCCCG
GTCCTCGECT

TCELCGCCET
CCCAGGCCAr
GCGTCCTGCC
ACGTCATCGC
CCGLCeEary?
CCGGECACGGA
CCATCACGGC
ACAGGCACEE
AGGCGCTGECT
CGTGGATCAC
GITGRACETGOC
CCEAGGAGAC
GCGaGGECCCe
TCCACCCCAA
TGGACTGAR

CEGCACGCTC
TCCEACCOTE
CETCGACTCC
GGACACGACE
CACBCGGGLC
CCTGGTCACE
CTGECEGECRLEG
CACCTCCTTE
CEECETCCEC
CCCGELCACT
CTACCTGLGE
CGGAGCCACT
CGGCACCTGC
CECCLTEGET
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FIGURE 61 (SEQ ID No.
2 TCAGTCCAGE CUGAGGAUGT
61 GGGGETGEACS GGRACGAGEC
121 GGCCTCGCAG GUGETCGETEGEC
181 CTCCTCGECE GUOCECOGEA
241 CACGETCACCE BLEGCGALSEL
301  GATCCALEGE TAGUCEAGAE
361 CAGCGECOTCC TTEABCSLEE
421 CTGUCTIETCL TPGCAGGRER
4Bl COTGATGECE TTCATGRAGS
54% CETECCHEETE CCEAGCERET
601 GTCGECEETC TECELEELEC
661 GATGACGTGEE GGETAGTTGGE
721 CAGSGACGCCE GAGLLGERGE
78BYL  GGCCTEGELE GEUGLEECHT
841 GGCGGECEALT GrCGLeETCA
FIGURE 62 (SEQ ID No.
1 ATGGATTACG AGRAGTITCT
61 AGGCLCATTE AAGATGEGCAA
121 ACGRGAAARAA TEEATATTCT
iel BAARTACTTC CTEAGATDTTT
243 GGTGCCAACG ATGCATECTC
301 BARATATTCHTC ABATGGEGTATC
351 CCEGEECTAG TAGATAGAGH
421 TACTTCCGTA CCAACGAGAR
481 GAGGABRRAAG TTCCCTTCGET
5431 TEGCAACAARC TGCTABRCAGR
601 GACGRATTAT TGRAGGETCAT
€61 TACBRAACTGA RAAGATTGGAG

FIGURE 63 (SEQ ID No.

atgaacctge
tgegggggey
gtggtgticy
ggcggeggea
ctgggecgiga
aaggcecgget
ggeoacaacy
tacgcggeca
agcaacgaca
gecattgoea
atgatogeca
ccggacggeyg
ttcaacacga
geacanctga
cgggectygey
ttetgetegy
ggcgtgeaco
ctggeggata

ctcaatggat
gtgggacega
gegacagect
agttecaccac
cgcteacges
gottegacta
gTggcgeggg
goaacaacac
tttictictg
cggeecaggt
agggtgogac
tggcasgoygy
egetgcaaayg
cegeggagat
aggeocaccaa
ceaacacget
cgaccacgge
acgtegegea

2016

53)

CCRICETETG
TGTGCCCEAR
CGTCGGACACT
CCOCGTCETT
GEAGCTTCAG
CCECCATCET
GGTACGTETT
TGCCOTTERE
TECTETTEEC
CLAACTGEEE
CGUAGETGARE
CCETCEAGCE
TEIABCTETS
COEUEETEER
TEACACEECS

54)

GTTATTTGGE
AGATCAGTRT
TCARRGAGGG
ARAGCATGEA
AGCALGETCCT
TLTGATGRAG
GRAGTGGGAA
CTTTGCCATT
GGECTTIGAAT
TGEGACTGLAT
TGAGACATTC
AGATGETGCTA

55)

gggegeegee
ceagagegge
gagcgatate
caacceggge
ggcggtgatyg
tgogoagges
ggcgetgace
attecaacgge
gaccactgcyg
gcagcaggec
geaggtotac
cacgacegge
cgggetggee
ceagaatgge
gatcaatgeo
ggtggettee
cggoecatege
ctga

Sheet 36 of 89

CTCGGLCATE
GAGCAGCGET
CCCGGAGRAG
GAGGTETGCD
GRAGUAGGAT
GECETEEEEA
GGECCTCGEATT
GCCGCTEAGG
GTTGOCGECCE
TGCEACGLCD
GTCCETEARG
CAGACAGAGC
GCCGAGEGCE
GTCEETEAGG
ARGEGECAGGEC

GATTCCATTA
GCTCTTEEAG
TTCAAAGGET
TCCRATATTG
CARAGTETLLC
TCTTACCATA
AAAGAAARAT
TATTCCGATGE
ARAGGBCETTTC
TUTTTCCGGARA
TACCCCCAAT
GATGATGGAT

acggoetgoee
aatecccastyg
ggcacctaca
cegatotgygy
ggctacgecea
ggctegogeg
tacccggtte
aataacgatyg
geggecacea
gegacggacc
gtytteoaace
caggegetge
ggcacctegy
goctegtiog
ctyggtgeoga
ggtgeggace
ctgategeea

CELCELTCEC
TCGATCCAGC
TCCACGTAGG
TEEATGEGECCE
GGEICGECEG
GCCCTEGCGR
TCECTCETCER
ACACCCGLCE
ATGCETEAGCE
GGETACTGEEG
CGGGCECCCE
AGCTIGECEE
ACGTAGTCCA
CCEAGGGTEA
TTCEGCAT

CTGAATTITEC
CCGCATTACT
ACACTTCTAG
TCATGGCCAC
CCUTCCCCBA
TCCGTCCTAT
CTGARGAAAT
CCTTAGCARRA
AACAGGAAGG
AAGGGTACRR
ATCATCCCAR
CTAACATAAT

ttgecttguy
tegocaaggt
ceceregtoge
ccgagaceogt
ccteecgtgea
tgaccgatee
agecageagot
tecgtettegt
gecggeteegg
tggtoggeta
tgccogacag
tgeacgeget
cgegeateat
gettegecaa
gogecggegy
agageotacck
goasacgtget

US 9,228,211 B2

CCAGGGLGTT
GEGTGECCEEE
TEECTCCGET
GCAGGTAGGG
TEECCGEGET
GGACGCCGAG
AGGAGETGCC
TECCECAGRD
TERCCAGETT
CCCGCETGAA
TCGETGETCCGT
GETCGARCGEE
GGETCEEAGT
GCGTGCCEAL

TETTARTACT
CARCGAATAT
ATGEGECETTS
ARTATTTITG
RTYTATCEAT
TATAATAGEA
AGLTCTLGGEA
ACTAGCCAAT
TGETEATGECT
AATTTETCAT
ABACATGCAG
ETCITGA

cttggeegeg
gecagegeaty
geaggeggtg
ggeegcgcaa
gaattgecoeo
gaacggecatc
cgocecaactte
getggoegge
cgtgacgoeo
tgtecaaggac
cageoctgacy
ggtgggcacyg
cgacticaac
caccagegec
cagetegoety
gttecgeegac
ggcycgeoctg

&0
120
180
240
300
360
420
480
540
500
560
720
780
B40
spp
360

1020
1044
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FIGURE 64 (SEQ ID No. 56)

1 gtgategggt cgtacgtgge ggtgggggac
61 cccogacggug

121
is1
241
301
361
421
481
541
601
661
721
781

ccogagggeyg
gtggcggaac
ggeggeaacy
ctggcggtgg
acccgggggg
gtcegegeca
gtococaggace
cgggtggege
ccectggecge
gcgcgegagt
cacgtgacygyg
geotga

cgttcgtegg
acttcacgta
aggtccegeg
acatcatcceg
ccgecgctgac
tgcecegteot
tegeegaceg
goagggegtg
tgegegoggyg
ccctgecgec
acctggtgec
ccaaggggac

FIGURE 65 (SEQ ID No. 57)

1z1
181
241
301
361
421
481
541
601
661
721
781

atgcagacga
atgtocggace
atggcggeec
ggacagatcg
ctggtcggeg
ctgectgacce
agtcocgate
goegtgateg
cagtcgetgg
caccgceggg
tggecacgoge
gtceggtteg
teccggggacy
tga

accocogegta
tgctgeceoega
gctoceceoeygg
tcgacgagra
ggctcaacga
aggcegtgya
gccagggtee
acgacctgge
ccgaccoctcg
tecgeggagge
cgatcocogge
cccggoagea
goctgoogge

FIGURE 66 (SEQ ID No. 58)

121
181
241
301
361
4zZ1
481
541
601
661
721
781
841
801
961
1021
1081
1141
1201
1261
1321

atgacccggg
gcggegateyg
gacgacggca
gececcgegt
cocgggcaccg
gteggeggea
gtcacacacyg
accatgegec
gtgatgagcg
tactccececa
ctggccgacyg
tactggeget
gegtteggeg
accgacgtce
tacagcgteg
ccggecgaca
gtecaaggeccg
gacecgcegacyg
ctgegggteyg
cgcgagacga
gtegtegact
tacgacageyg
atcgacctgyg

gtcgtgacgg
tcaccctgat
gocagggacca
cecaccggtge
agacgaccgg
ccggegegeg
cctogatege
ggctcacctt
acaccgeecg
tccecegtecgg
gcgaccgcac
acctgaccge
actccatcac
tcgoogeacg
tcaacgaggg
acccgagcgg
tegtegtegt
ccatcectgac
teggegecac
tgcggcagga
tegacaagge
gegaccacct
cecgogetgaa

ctgggcogac

cacgaaccte
ggtcgtogga
gcceggeace
cgcegeggeo
caageaccty
ctacggetyge
ggacgccgac
gcaggoectg
gcgcggeacy
gtggatcggy
gotgtogeeg

caccagtetc
cggctecectac
cttcecggtac
ggtggacgtg
cacgectgegg
acggectegeo
ggtgctggag
cgggcggeac
gatgtgggac
ggtgtggeag
gacgoogeog
cctgetgeac
caagegeoag

gggtgegggyg
agtggcgatc
cgegetgeag
ctgggtggge
cectggeggge
gatcaccctc
cctggoegec
cggeggeage
cctegeoeate
gccggtgacc
ggcggacgtc
cctegacgtyg
cgacggegec
cctgecacgag
catcagcgge
actgagecgyg
ccteggogte
cggectgege
gatcacgceg
ggtcaacgag
cectgegegac
gcaccoogyge
gggcgeggeg
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agcttecaccg agggogtogg
cggctogecg tactgeteoge

geegtgegeg
ctogogeeeg
gatcecegacy
ggaaccgtce
cgcggecaaga
ceggtgeteyg
cggectgoace
ggcectgegeg
ctcgacgtce
cgeceggetao
gacgcoccatea

gtegeogteg
cgtggetggg
gccaacctgg
gcocgeoygoeca
cccaagtgeg
cecgractgeg
cgcttecogge
ggcgeegtgyg
gtggaccgge
tegeteggee
ceguggtggg
tggataggee
gacctgectge

gcgoocccceoa
tocecgeggeca
gceggaggec
gecotgggeca
cgctcegtge
tcgaacctgt
gggcccgaca
gececgggtga
ccctacggag
taccatccge
accgceegteg
ctgageccacy
cgetocgeaga
gcggegggeg
aaccggctcc
ttccageggg
ascgacgtoo
accckecgtog
ttcggegget
gagatccget
cegtacgace
gacaaggggt
ccggtcaagy

geaggetecth
acctcogkctc
aggtcgecga
tggtgaccac
tegecacgta
acctgtggic
tgtcgeeogga
tcocoggeega
ggegogacga
ggggegagte
agacgeggat

gegactectt
cegacctect
cggtgcgegg
tgggagccga
acatggeccey
agcagetggt
ceccgeatgga
tcgtegacct
tgcacctgac
acgagcocyga
tgacgocgoag
gcaggctgac
cctacgagga

ccaagcaccg
tatacgeoygy
gtctocecacy
ccgeacocgge
gcaacgtegt
acgggcagtc
cecgecgoeyge
tecatceogge
cgaacgtcct
aggoccggea
cgtacacecac
aggoegacgyg
gcgacgecaa
acggeceggga
tgaccagcag
acgtgctgga
tgaacagcce
accgggogea
acggcggcta
ccggeegggt
cgegeoggat
acgegegeat
cgtag

US 9,228,211 B2

cgacccegge
ggaccggege
cgaccagatc
gttegeggeg
geggttogag
cgggttcecgac
caacgggeac
gectgeggage
ggggoacace
ccctgaccag
cgtgractgyg
gtegggegac
cgeegeggtyg

caccgaggge
cgccacccgg
gaagctgatc
cgtgatcacy
ggtgcgggac
gotgatgege
ggcecocitgtte
gtacggggce
cgecgaggge
ggaccoccgag
gaccgecggac
cgggegeteg
ccocgeoacgg

tgecectgete
agcgtoocgeg
aggagacgecc
cgcggecgag
gecacacctcg
gcecgetgace
gatcgeocgac
gggcggcecag
ggtcaccacg
gaccagctac
cececcacgoee
cacggteogtyg
ccaccgetgg
cacgccccge
gccggggegy
acgcaccaac
ggaactcgee
cgcccgggga
caccgaggcc
cttegacacg
gegetecgac
gggcgeggtco
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FIGURE 67 (SEQ ID No. 59)

121
ig81
241

361
421
481
541
801
661
721
781
841
201
361
1021

atgacgagea
ggecggeggoea
ctggocagac
tacggoogea
teocacggeey
toecgggrteg
gegrgotegy
ceegacatet
cgeteggtyge
gtggteggea
ctggcocogge
ggogagegea
gagrtoting
geggtactge
gacgogetge
gaggegggta
ctgaagogeo
tga

tgtcgaggge
teggeotgge
geagggtyggy
coctgoecac
cegggtagygy
cggcggtgge
acgacctgga
geghtgateat
ggcacotgte
cctgtecgga
gggecctecacg
cggtgteget
gecocogacaa
coteggtgtg
gocgegaggg
cggaggtege
ggagacggeg

FIGURE 68 (SEQ ID No. 60)

61
1z1
181
241
301
361
421
481
541
601
661
721
781
841
801

atgggtegag
gecgoectga
gactecaceoy
accagoccgyg
geggtgetgt
tcgriggeoy
gteacegggy
coggagetgy
atgacgccgy
aagctecoca
cagggeogea
ctgggogacy
cgggtggegy
agegacgacy
tggtiteccace
accgogaaga

ggacggaccsa
cegoegoegt
ctecttecygg
cgteoeogtoge
cggactgeccc
tacggetget
cecggatgye
tggecggtgat
tggeggactt
aggcgcaggt
ccaaccaget
cggactecet
actacaacga
gogegygtgea
cgagtgigga
atcectga

FIGURE 69 (SEQ ID No. 61)

61
1z
181
241
301
361
421
481
541
601
661
721
781
B4l
801

1021

tteatcacaa
gacaageott
gggagygttee
ggegoicocgey
ctacgtggece
cagtggectee
cggtacgogy
geagotgace
cgecgggotto
geggategeo
ctacgacgero
cttctacaag
caacygcocgee
cgcettoggg
gectgracage
caagggetac
cgasgtcoey
gceggtggee

cgatgteaca
coegtgacyga
atgagactgt
ctettoggeg
ctoggogact
tygtaagegca
ttegacttea
ceggkoaact
gecgacacca
aaggcgegeyg
ategacagee
ctgggeggea
gocgacgaca
gacgtcaaca
gteaccotte
ctgeceygtee
ceeoeggacy
cegeegtacg

gagggtggceg
gggageggey
ggtgggeacyg
ggecggegae
cgtgeacegy
ggagcggecg
ceggeaggty
ggteggegee
ctoggeggta
cotgggeacyg
geagotogeg
gggcgaccty
cracoacece
cgecgegeto
cthectgeoeg
cgecgeeatg
tegggtgtey

geggacgegy
cetgggegty
cagecegteg
cgecgtggge
ggaggtgtcg
ggggaaggcg
ggacctgaco
ggcoggggey
cegggegeayg
gtacgtgtaeg
gggcaagcay
ggacteggoy
ggtgcetgogy
cgagticcgg
cggoccagygoc

acaccggeca
aagggtecty
cccgacgoge
cgagegecge
cctactecocto
gcaccaaghc
cegectgtte
coggeacaga
tgaccacctg
cectacatocea
gggccececyge
getgegeecgt
teaacgeegt
cgaccttege
cegtggagas
tgaactcege
gggecttogee
tgcegeogee
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cggoggatog
goggtegghbe
cogaccagyy
cocgargotge
geogggcaga
gtgeggotgy
gegoetggtge
aacgacgtea
cggaeggotyge
atcgageggyg
gocggoacagsa
ctgggtengyg
teeyeeygagy
ggeatgtgge
gtggcgegey
cctacgygga
gaggcyggaac

tacggeogte
ggcgtggeay
aagoggacga
gacteocatca
tgggegacey
gacgeggeeyg
geteagygtga
aacgacgegt
ttocgaggagg
agecatcecgy
gtgtggaage
gogacectyge
gaggtctgoy
ttcggeacgg
cggetggeay

tocegggteat
ctacatcaga
ggooacggey
cgtgtcogeg
ggggategge
ctacecggec
ggacgoreygc
cectggteage
caacctoccag
gragacgety
agececagghtce
ecggtetetey
cacegooaay
tgggcacgag
ctectaccac
cacctgatet
gtaggtgcge
coccggacgog

cggooggege
tggtggtgge
tgeegaacge
gygctgatgat
cgcoeggacge
ggteggtege
togeegages
coeaccggat
gracggecgyg
tgoggcagee
crateggege
agttogogea
goracgecac
cggeogacga
cggeggegga
ctecgggggee
cgtocageee

gecgggegey
getgogacte
dgacggegoe
cgogeggett
geagcagoge
agcacagotyg
cgogggegge
gecggiceac
cgatggocac
acctcaageg
teggcetgty
ggegeaacac
cgarRggaceg
accagttgag
agatcgocta

cectgategt
aatgacagaa
tecgegetee
cocgegasateo
gegggeoaget
ctgtgggeoy
acaggagacg
attaccateg
ggcgagagey
cocgoccage
gtogtectgg
gagaagtcce
cgcgoogooy
ctgtgotecg
cocacggooa
cgoggotact
gtaccgecgt
gteggtte

US 9,228,211 B2

ggcgtacgge
cgaggtgoag
geagggacty
gotgggegac
getgotggeyg
ceagceoggoy
ggaccgggtyg
gocggogace
tgeggaggty
getgegetgy
cgtocgageay
gaacoogogy
ggocgagaty
ggageaceooy
ggcggegtoe
ctgggegoty
gteceggogtt

tgtegegete
cgtgggeyge
cgectgggac
cgacgeootgt
gaeggtogac
gaactacgeg
geagegegayg
gacctoggog
cectgecgeaay
getetggioo
ceegtegaty
ggtgegogac
geagtgocege
crcactgggac
cegogeggto

gggaatgggt
atcetgetea
teetecaccee
aggocaccyga
acgacageag
cotogeacan
tgctggecaa
geggcaacga
cgtgeetgge
tggaccaggt
getagcoegey
gecgeggecat
accacggeti
gegecececty
acggacagte
cegecactga
cgcocegtege
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FIGURE 70 (SEQ ID No. 62)

51

101

i51

201

251

301

351

501

551

601

651

701

751

801

851

901

951

1001

ATGAARARAT
TACTITTITA

GGCAGCCGAC
CCGTCGELTG

GCCTCTCCGA
CGGRGAGECT

TCCAGCCCGL
AGGTCGGGECE

GGAGCAGCTG
CCTCGETCGAC

AAGGCGETEC
TTCCGCCACE

TATCAGGTCA
ATAGTCCAGT

AGACAGCTITC
TCTGTCGRAG

ACTATCTGGC
TEATAGACCG

GATGCCATCA
CTACGGETAGT

GATALTGOTG
CTATGEACGAC

GTCAGRAGGT
CAGTCTTCCA

CTGCTGCTGA
GACGACGACT

GTTCGAGATC
CRAGCTCTAG

TCEGCCTGAG
AGCCGGACTC

ARGCCGTTTG
PTTCGGCAARL

CAGTCCGCARG
GTCAGGCGTC

CCGTTGCCAG
GGCAACGGETC

GGCAAGATGT
CCGTTCTACA

CCTGAGCGAG
GGACTCGCTC

CCCARC TGA
GGGETGE ACT

GETTTETGTG
CCARARCACAC

AGTCGCCCCE
TCAGCGGGET

TACCGGCAAR
ATGGCCETTT

CCTACTATGA
GGATGATACT

ACCABACAGT
TGETTTGEICA

CACTELCETGE
GTGACGGCAC

TCAACARCCT
AGTTGTTGGA

AAGCCGGACG
TTCGECCTGEC

CTATGGCTGE
GATACCGACC

GCGATGCGGEC
CGCTACGCCG

TTCARACCTGC
ARGTTGGACGE

GGTCGAGGCGE
CCAGCTCCGC

ACCTGGCACG
TGGACCETGEC

GACARGCAAT
CTETTCETTA

CGACGTCGAG
GCTGCAGCTC

CCRLCCCGLAG
GGETGEGEGECETC

GAACGCCTCG
CTTGCGEAGT

TCCTATGGCC
AGGATACCGG

TCTGGGATCA
AGACCCTAGT

ceCeCeacea
GCGCGGCGET

Sheet 39

TTTATTGEGEA
AARRTAACCCT

CCTITTCCCG
GGAARAGGGC

ATGTACAGCA
TACATGTCGT

GEECLGTTTO
CCCGGCARARG

TCCCGGEETCT
AGGGCCCAGA

GCTTACAACA
CGAATGTTGT

GGACTACGAG
CCTGATGCTC

ATCTGGETGAT
TAGACCACTA

BAACACGGAGC
TTGTECCTCGE

CAACCGECATG
GTTGGCGETAC

CGGATCTGEGE
GCCTAGACCC

GTCAGCCATG
CAGTCGGTAC

CCAGCTGGCC
GGTCGACCGEG

TTGCCGAGAT
BACGGCTCTA

ARDCCCOTGCT
TTGGGGACGA

CGTCAGCACC
GCAGTCGTGG

CCATCGCCGE
GGTAGCGGCC

CGCCGCAGCE
GCGGECGETCGC

GGTACACCCG
CCATGTGGGC

CCTTCATCGC
GGAAGTAGCG

of 89

TTEETCECGC
AACCAGCGCG

GATCGTGATG
CTAGCACTACT

AGATGECGCGE
TCTACGCGCC

TCCAACEEAC
AGGTTGCCTG

GACCATCGCC
CTGETAGCEE

AGATCTCCTG
TCTAGAGGAC

GTCACCCAGT
CAGTGGGTCA

CCTCTEGETC
GGAGACCCAG

AGGATGCCAR
TCCTACGGTT

GTACTGRACG
CATGACTTIGC

CCAGAACCCG
GGTCTTGGGC

TCTCCGLCTA
AGAGGCGGAT

CCCACCGeCa
GGETGGLCGT

GCTGCGTGAT
CGARCGCACTA

ACGACGGCGG
TGCTGCLGCC

GACCGCCAGC
CTGGCGGTCG

CARCCCGELCTG
GTTGGGCGAC

ccageeeect
GGTCGGGGEA

ACCACTGTCG
TGGTGACAGC

GAACCAGTAC
CTTGGTCATG

US 9,228,211 B2

TGACAGTTCA
ACTGETCARAGT

TPCGGCGACA
AAGCCGCTGT

TTACCTCCCC
ARTGEAGGGGE

CCETCTEGEET
GGCAGACCGA

AACGAAGCGGE
TTGCTTCGCE

GAATCCCAAG
CTTAGEETTC

TCTTGCAGAA
AGAACGTCTT

GETGCCAATG
CCACGGETTAC

GCEGETTCEL
CGCCCAAGCG

GTGCCAAGCA
CACGETTCGT

TCAGCTCGCA
AGTCGAGCET

TCACRACCAG
AGTETTGETC

TGGTAAARGCT
ACCATTTCGA

CCGCAGRACT
GGCETCTTGA

CTATIGTETGG
GATACACACC

TCTCCGCCTT
AGAGGCGGAR

CTGGCACAGE
GACCETGTCC

CAACTGTGAG
GTTGACACTC

TGCACGCAGC
ACGTGCGTCG

GAGTTCCTCE
CTCAAGGAGC
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FIGURE 71 (SEQ ID No. 63)

101
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551
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651

701

751

801

B51

951

1001

ATGARARDAT
TACTTTTTTA

GECAGCTGAC
CCETCEECTE

GCCTCTCCGA
CGEEAGAGGCT

TCCAGCCCGC
ABETCGGGLG

GGAGCAGCTG
CCTCETCEGAC

AAGGCGETGEC
TTCCECCACE

TATCAGGTCA
ATAGTCCAGT

ARGACAGCTTC
TCTGTCGRAAG

ACTATCTGEGEC
TGATAGACCE

GATGECCATCA
CTACGGTAGY

GATACTGECTE
CTIATGACGAC

GTCAGRAGGET
CAGTCTTCCA

CTGCTGCTGER
GACGACGACT

GTTCGRAGATC
CARGCTCTIAG

TCGECCTGAG
AGLCGGACTC

BAGCCGTTTG
TTCGGCARAC

CAGTCCGCAG
GICAGGLETC

CCGTTGCCAG
GGCAACGETC

GGUAAGATGET
CCETTCTACA

CCTGAGCGAG
GEACTCGCTC

CCCRCGGATG
GEETGCCTAC

GETITETTTE
CCAARLCADAC

ACTCGCCECE
TGAGCGGEGEC

TACCGECARA
ATGGECTETTT

CCTACTATGA
GGATEATACT

ACCABRGLAGT
TGEETTCGTCR

CACTGCCETE
GTGACGGCAC

TCBACARCCTY
AGTTGTTGGA

AAGCCEGACE
TTCHEGLCTGEC

ATATGECTEG
TATACCEALC

GCGRTGCGEC
CECTACGLLG

TTCARCCTGC
AAGTTGGALG

GGTCGAGGCE
CCABCTCLGE

ACCTGECACGE
TGEEACCETGC

GACRAGCAAT
CTETTCGTTA

CGACGTCGAG
GCTECAGCTC

CCACCCHCAG
GGTGGEGLGETC

GRACGCCTCG
CTTGCGGAGT

TCCTATGGCC
AGGATARLCGG

TCTGGGATCA
AGACCCTAGT

CELECCGLChR
GCGCGGLEET

A
T
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TTTATTGGGE
BARRTARCCCC

COTTCTCCCE
GGRAGAGGGC

ATETACAGCR
TACRTETCGET

GEELCETTTC
CCCGELCARAL

TCCOBEETOT
AGGECCCAGA

GCTTACAACA
CGRATGTTGT

GEACTACGAG
CCTGATGELTT

ATCTGGTGAT
TAGACCAUTA

ARTACGGAGC
TTATGCCTCG

CAACCGUATG
GTTGECCETAC

CGGATCTGGE
GCCTAGACCC

GTCRGCCATG
CRAGTCGETAC

CCAGLTGGCC
GGTCGACCGE

TTGCCGAGAT
AACGGCTCTA

ARCCCCTGCT
TTGEGGEEACGEA

CETCAGCRCC
GUAGTICGTGG

CCATCGCCGE
GETAGCGECC

CGCCGECAGCG
GCGGECGETCGR

GGTACACCCG
CCATGTGGGEC

CCTTCATCGA
GGAAGTAGCT

TTGATCGCGE
ARCTAGCGCG

GATCGTGATE
CTAGCACTAC

AGATECGLEE
TCTACGCGCC

TCCAACGGAL
AGGTTECCTE

GALCATCGCE
CTCETAGCGE

AGATCTCCTS
TCTAGAGGAC

GTCACTCAGT
CAGTGGGETCA

CCTCTEEGETT
GGRAGACCCAG

AGGATGCCAR
TCCTRCGGTT

GTACTCGRAACG
CATGRCTTGEC

CCAGRRCCCGE
GGTCTTGGGC

TCTCCGECCTA
AGAGGCGGAT

CCCACCGGCR
GGETGGECCETY

GCTGCETGAT
CGARCGCACTA

RLGACGGECGE
TECTGECCGCC

GACCGCCAGT
CTGGCEETCE

CARCCCGCTE
CITTEEGCEAC

CCAGCCCCCT
GETCGEEEGEA.

ACCACTGTCG
TGGTGACAGC

GACCCAGTAC
CTEEETCATE

US 9,228,211 B2

TGACAGTTCA
ACTGTCRAAGT

TTCGECEACA
AAGCCECTGET

TTRACCTCCCC
BATGEAGEGE

CCETCTGECT
GGCAGACCGA

AACGARGUGE
TITECTTCECC

GAATCCCARG
CTTAGGGTTC

TCTTGCAGAR
AGRACGTCTIT

GGETGCCRATG
CCACGGTTAC

GCEAGTTILGC
CGCTCAAGCE

GTGCCARABCA
CACEETTCET

TCAGCCCGLA
AGTCGGEGECGT

TCACAACARG
AETGETTGTTC

TGETARRGCT
ACCATTTCGA

CCGCAGAACT
GGCETCTTGA

CPATGTETGE
GRTACACACT

TCTCCGCCTT
RAGAGGCGGAA

CTEECACAGE
GRCLGTGETLC

CRAACTGTGAG
GTTGACACTC

TECACGLCAGT
ACGTGCETCG

GAGTTCCTCG
CTCARAGGAGC
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FIGURE 72 (SEQ ID No. 24)
1 ATGTTTAACT TTARAAAGAA
TACAARATTCA ARTTTITTCYT

51 GAGTATTAGC TTPETTTTCGS
CTCATAATCG AACAMAAGCC

101 GTCCCGCCTT TTCCCGEATC
CAGGGCGEGEAA AAGGECUTAG

151 GGCRAAATGT ACAGCAAGAT
CCGTTTTACA TGETCETTCTA

201 CTATGAGGGC CGTTTCTCCA
GATACTCCCE GUCAAAGAGET

251 AACAGTTCCL GGGICTGACC
TTETCAAGGE CCCAGACTGEG

301 GCCETGECTT ACAACAAGAT
CGGCACCGARA TGTTGETTCTA

351 CBRACCTGGAC TACGAGGTCA
GTTGGACCTG ATGCTCCAGT

401 CGGACGATCT GGTGATCCTC
GCCTGCTAGA CCACTAGGAG

451 GGCTGGAACA CGGAGCAGGEA
CCGACCTTGET GCCTCGETCCT

501 TGCGGCCAAC CGCATGGETAC
ACGCCGGTTG GCGTACCATG

551 ACCTGCCGGEA TCTGGGCCAG
TEGACGGECCT AGACCLGGETC

601 GAGGCGGTCA GCCATGTCTC
CTCCGCCAGT CGGTACAGRG

651 GGCACGCCAG CTGGELCCCCA
CCGTGCGETC GACCGEGGHET

701 AGCRATTTGC CGAGATGCTG
TCETTARACG GCTCTACGAC

751 GTCGAGRAACC CCTGCTACGA
CAGCTCTTGG GGACGATGCT

801 CCGCAGCGTC AGCACCGACLC
GGLGTCGECAG TCGTGGLTGEE

851 GCCTCGCCAT CGCLGGCAAC
CGGAGCGETA GCGGLCGTTG

801 ATGGLCLCGCC GCAGCGCCAG
TACCGGGCGGE CGTCGCGEGETC

851 GGATCAGGTA CACLCGACCA
CCTAGTCCAT GTGGGCTGGT

1001 CCGCCACCTT CATCGCGAAC
GGCGGETGGRA GTAGCGCTIG

Sheet 41 of 89

TTTCTTAGTT
ARAAGAATCRA

caacescere
GTTGECGGAG

GTGATGTTCG
CACTACAAGC

GCGCEETTAC
CGCGCCAATGE

ACGEACCOET
TGCCTGGGCA

ATCGCCAACG
TRGCGGTTGC

CTCCTGEAAT
GAGEACCTTA

CCCAGTITCTT
GGETCAAGRA

TGEGETCGETE
ACCCAGCCAC

TGCCAAGCGEG
ACGETTCECC

TGAACGGTGC
ACTTGCCACG

BACCCETCAG
TTGGGCAGTC

CGCCTATCAC
GCGGATAGTG

CCEGECATGEET
GGCCGTACCA

CGTGATCCGC
GCACTAGGCG

CGGCGGCTAT
GCCGCCGATA

GCCAGCTCTC
CGGTCGARGAG

CCGCTGCTGG
GGCGACGACC

CCCCCTCARC
GGGGGAGTTG

CTGTCGETECA
GACAGCACGT

CAGTACGAGT
GTCATGCTCA

GEATTATCGGE
CCTARTAGCC

TGCAGCTAGC
ACGTCGATCG

GCGACAGCCT
CGCTGETCGGA

CTCCCCTCCA
GAGGGGAGET

CTCGCTEEAG
GACCGACCTC

ARGCGGARGSE
TTCGCCTTCC

CCCAAGTATC
GGGETTCATAG

GCAGARAGAC
CETCTTICTG

CCRATGACTA
GGTTACTGAT

GITTCGCGATG
CBAGCGCTAL

CAAGCAGATA
GTTCGETCTAT

CTCGCAGTCA
GAGCGTCAGT

AACCAGCTGC
TTGGETCGACG

ARAAGCTGTTC
TTTCGACRAG

AGAACTTCGG
TCTTGAAGCC

GTGETGEGAAGC
CACACCTTCG

CGCOTTCAGT
GCGGARGTCA

CACAGGCCGTY
GTGETCCGECA

TGTGAGGGCA
ACACTCCCGT

CECAGCCCTG
GLETLGGEAC

TCCTCGCCCAa
AGGAGCGGET

US 9,228,211 B2

CAGCTTTAAT
GTCGAARTTA

GCCGACAGCC
CGGCTETCEE

CTCCGATACC
GAGGCTATGG

GCCCGCCCTA
CGGGCGGEGAT

CAGCTGACCA
GTCGACTGET

CGGTGCCACT
GCCACGGTGA

AGGTCATCAR
TCCAGTAGTT

AGCTTCBAGC
TCEAAGTTCG

TCTGGCCTAT
AGACCGGATA

CCATCAGCGA
GGTAGTCGCT

CTGCTGTTCA
GACGACAAGT

GAAGGTGGTC
CTTCCACCAG

TGCTGAACCT
ACGACTTGGA

GAGATCGEACA
CTCTAGCTIGT

CCTGAGLGAC
GGACTCGCTG

CGTTTGCCAC
GCAARCGGTG

CCGCAGGAAC
GGCETCCTTG

TGCCAGTCCT
ACGGTCAGGA

AGATGTTCTG
TCTACAAGAC

AGCGARGCGCG
TCGCTCGLEL

CTGATGA
Gacrace
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FIGURE 73

SEQ ID No, 68

1  ADYRPAFSRI VMIGDILSDT GRMYSEMRGY LPESPEYYEGS RPSNGPVWLE JLTRQFPELT
€1 IANEABGEAT AVAYNEISWL PRYQVINHNLD YEVIQFLOKD BFEPDDLVIL WVGRNDYLAY
121 GENTEQDAKR VRDAISDAAN RMVLRGAKOI LLENLPDLGD NPSARSBQRVV EAVSHEVIAYH
181 WELLLNLARG LAPTEMVRLE EIDKQFAEMI: RDPONFELED VENPLYDEGY VWREF

238 RIASPLNCEG RKMIWDOVEPT TVVHAALSER AATFIETOYE FLAHG
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FIGURE 74a
CONVENTIONAL PROCESS (for comparison only)
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FIGURE 74b
PROCESS OF PRESENT INVENTION
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FIGURE 75
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FIGURE 77

US 9,228,211 B2
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FIGURE 78
Water degumming of Crude Soya Oil, SBO2
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Water degummming of Crude Soya Oil, SBO2 with 1.5, 2.0 or 2.5% water
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FIGURE 80

Water degumming of Crude Soya Oil, SBO2 with 1.5, 2.0 or 2.5% water

6.7
g —
B 64 -
=
R 6.1
o
o3
= 5.8
g .
5 55 1
=

52

0 0,25

Enzyme, Ulg Oil



U.S. Patent

FIGURE 81

Jan. 5§, 2016

ppm P in the ofl phase

100

30

&0

40

20

Sheet 51 of 89 US 9,228,211 B2

Water degomming of Crude Soya O, SBO 2

0

0,1 0,25 04
Enzyoe, Ulg Oil



U.S. Patent

FIGURE &2

Jan. 5§, 2016

Triglyceride, % In the gum phase

80

40

20

Sheet 52 of 89 US 9,228,211 B2

Water degonening of Crede Sova Ol SBO 2
1] 0,1 025 04

Sazyme, g O



U.S. Patent Jan. 5,2016 Sheet 53 of 89 US 9,228,211 B2

FIGURE 8§83

Water degurening of Crude Soya Off, SBO 2
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PE, Relative % in the gum phase
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FIGURE 85
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FIGURE 8
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FIGURE 87
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FIGURE 88
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FIGURE 89
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FIGURE 91

Relative degradation
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FIGURE 92
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FIG. 93
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FIGURE 96
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FIGURE 97
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FIGURE 98
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FIGURE 100
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FIGURE 101
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FIGURE 102
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FIGURE 103
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FIGURE 104

Oit phase 240 minutes
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FIGURE 108
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FIGURE 109
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FIGURE 110
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FIGURE 111
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FIGURE 113
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FIGURE 114
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FIGURE 117
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PROCESS OF WATER DEGUMMING AN
EDIBLE OIL

CLAIM OF PRIORITY

This application claims priority under 35 USC 371 to Inter-
national Application No. PCT/GB2008/004064, filed on Dec.
11, 2008, which claims priority to British Application Serial
No. 0725035.0, filed on Dec. 21, 2008, British Application
Serial No. 0809177.9, filed on May 20, 2008, and U.S. Pro-
visional Application 61/058,378, filed on Jun. 3, 2008, each
of which is incorporated by reference in its entirety.

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications:
US 2002-0009518, US 2004-0091574, W(02004/064537,
W02004/064987, WO2005/066347, WO2005/066351, U.S.
Application Ser. No. 60/764,430 filed on 2 Feb. 2006,
WO2006/008508, International Patent Application Number
PCT/IB2007/000558 and U.S. application Ser. No. 11/671,
953. Each of these applications and each of the documents
cited in each of these applications (“application cited docu-
ments”), and each document referenced or cited in the appli-
cation cited documents, either in the text or during the pros-
ecution of those applications, as well as all arguments in
support of patentability advanced during such prosecution,
are hereby incorporated herein by reference. Various docu-
ments are also cited in this text (“herein cited documents”).
Each of the herein cited documents, and each document cited
or referenced in the herein cited documents, is hereby incor-
porated herein by reference.

SEQUENCE LISTING

The sequence listing submitted via EFS, in compliance
with 37 C.P.R. §1.52(e), is incorporated herein by reference.
The sequence listing text file submitted via EFS contains the
text file created on May 24, 2013, which is 186 kilobytes in
size.

FIELD OF THE PRESENT INVENTION

The present invention relates to a process for edible oil
(preferably vegetable oil) refining using a lipid acyltrans-
ferase. The present invention further relates to a process for
treating an edible oil (preferably a crude edible oil) (e.g. a
vegetable oil) and/or a gum phase of an edible oil (preferably
vegetable oil) using a lipid acyltransferase.

BACKGROUND OF THE PRESENT INVENTION

Lipid acyltransferases are known to be advantageous in
food applications. Lipid acyltransterases have been found to
have significant acyltransferase activity in foodstuffs. This
activity has surprising beneficial applications in methods of
preparing foodstuffs.

For instance, WO 2004/064537 discloses a method for the
in situ production of an emulsifier by use of a lipid acyltrans-
ferase and the advantages associated therewith.

International Patent Application No. PCT/IB2001/000558
teaches the expression of lipid acyltransferases in (heterolo-
gous) host cell and is incorporated herein by reference.

The purpose of edible oil refining is to remove undesirable
impurities that affect quality (taste, smell and appearance for
example)) and storability.
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Due to the wide variety of these impurities—{free fatty
acids, metal ions, colour compounds, odours, gums etc.—a
series of processes of chemical and physical nature are con-
ventionally employed for refining (see for example Bailey’s
Industrial Oil and Fat Products—2006 John Wiley & Sons—
Sixth Edition).

Traditionally two processes have been used for degum-
ming of'oil which are the physical degumming and the chemi-
cal degumming processes.

Inthe so-called chemical refining, almost all free fatty acid
content is removed by initial treatment with a large excess of
NaOH. Also the phospholipids content is decreased to a phos-
phorus level typically below 10 ppm. The oil is subsequently
bleached and deodorised.

The so-called physical refining generally consists of a
water-degumming step followed by acid degumming, neu-
tralisation, bleaching, steam stripping to remove free fatty
acids and deodorisation.

Instead of using acid degumming during physical refine-
ment developments were made to use enzymatic degumming.

The enzymatic degumming process was developed based
on the use of pancreatic phospholipase. Because this enzyme
was non-kosher the phospholipase was eventually substituted
by a microbial phospholipase Al (Lecitase Ultra™-No-
vozymes, Denmark) (Oil Mill Gazetteer, Vol 111 July 2005
pp 2-4).

The enzymatic process has several advantages over the
chemical or the physical degumming processes including
cost savings, higher yield and a more environmentally
friendly process.

The enzymatic oil degumming process was based on the
addition of a phospholipase to an oil which was already water
degummed.

In WO2006/008508 lipid acyltransferases were taught for
use in enzymatic degumming of edible oils. WO 2006/
008508 teaches addition of a lipid acyltransferase to a water-
degummed oil or the addition of a lipid acyltransferase to a
crude oil without the need for the oil to undergo a water-
degumming process.

“Water-degummed 0il” may typically be obtained by a
conventional “water degumming process” comprising mix-
ing 1-2% w/w of hot soft water with warm (70-90° C.) crude
0il (AOCS Introduction to the Processing of Fats and Oils—
Table 8—Degumming Processes—http://www.aocs.org/
meetings/education/mod3sample.pdf). A rule of thumb is
that that amount of water added to crude oil is typically
approximately equal to the amount of phospholipids in the
crude oil. Usual treatment periods are 30-60 minutes. The
water-degumming step removes the phosphatides and muci-
laginous gums which become insoluble in the oil when
hydrated. The hydrated phosphatides and gums can be sepa-
rated from the oil by settling, filtration or centrifugation—
centrifugation being the more prevalent practice. The essen-
tial object in said water-degumming process is to separate the
hydrated phosphatides from the oil. The mixing of hot water
into the oil, described above, should herein be understood
broadly as mixing of an aqueous solution into the oil accord-
ing to standard water-degumming procedures in the art.

In the conventional water degumming process the main
part of the phosphatides are removed in a heavy gum phase.
At the end of the water degumming process an oil phase is
separated from a gum phase. Although the gum phase can be
processed further into commercial products it is essentially
viewed as a bi-product of oil refining. It is the oil phase which
is commercially important. However, because the phosphati-
des can be good emulsifiers some oil is inevitably lost in the
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gum phase during water degumming. This leads to reduced
yields of oil in the oil phase following water degumming.

With increases in oil prices and an increasing need for
vegetable oil for biodiesel it is important to optimise the
processing of edible oils for high oil yield.

SUMMARY ASPECTS OF THE PRESENT
INVENTION

Aspects of the present invention are presented in the claims
and in the following commentary.

It has surprisingly been found that by adding one or more
lipid acyltransferases to a crude edible oil during or before
carrying out a water degumming process the yield of oil in the
oil phase can be significantly increased. In other words, losses
of oil to the gum phase can be significantly reduced.

In addition, it has surprisingly been found that by adding
one or more lipid acyltransferases to a crude edible oil during
or before carrying out a water degumming process the gum
phase obtained is much less viscous. This may allow for more
favourable centrifugation parameters.

It has also surprisingly been found that by adding one or
more lipid acyltransferases to a crude edible oil during or
before carrying out a water degumming process, the gum
phase obtained from this process can be incubated or stored
and (due to residual active lipid acyltransferase) further
hydrolysis of phospholipids in the gum phase can be
observed. The inventors have then found that it is then pos-
sible to isolate an oily phase containing free fatty acids (the
acid oil) and the remaining triglycerides in the gum phase.
This acid oil can be sold with a higher value than the normal
gum phase which is added to meal. In addition, it has surpris-
ingly been found that the remaining solid phase (after sepa-
ration of the acid oil) has higher a phosphor level than normal
gum and thus can be used as a source of organic phosphor.

It has also been surprisingly found that the combination of
one or more lipid acyltransferases and one or more phospho-
lipase C (PLC) enzymes results in synergistic effects when
used in the degumming of edible oils (e.g. vegetable oils).

DETAILED ASPECTS OF THE PRESENT
INVENTION

According to a first aspect of the present invention there is
provided a process of water degumming an edible oil (pref-
erably acrude edible oil) comprising the steps of: a) admixing
approximately 0.1-5% w/w water with an edible oil (prefer-
ably a crude edible oil) and a lipid acyltransferase, b) agitating
the admixture for between about 10 minutes and 180 minutes
atabout 45° C. to about 90° C., and ¢) separating the oil phase
and the gum phase.

According to a second aspect of the present invention there
is provided a use of a lipid acyltransferase during water
degumming of an edible oil (preferably during the water
degumming of a crude edible oil) for increasing the yield of
oil in the oil phase after completion of the water degumming
process.

According to a third aspect of the present invention there is
provided a use of a lipid acyltransferase during water degum-
ming of'an edible oil (preferably during the water degumming
of'a crude edible oil) for decreasing the viscosity of the gum
phase after completion of the water degumming process.

The increase in yield and/or decrease in viscosity is when
compared with the oil phase and/or gum phase of a compa-
rable oil degummed (either water degummed or enzymati-
cally water degummed) without the use of the lipid acyltrans-
ferase.
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According to a fourth aspect the present invention provides
a process of water degumming an edible oil (preferably a
crude edible oil) comprising the steps of: a) admixing
approximately 0.1-5% w/w water with an edible oil (prefer-
ably a crude edible oil) and a lipid acyltransferase, b) agitating
the admixture for between about 10 minutes and 180 minutes
atabout 45° C. to about 90° C., ¢) separating the oil phase and
the gum phase, d) incubating the gum phase comprising
active lipid acyltransferase enzyme for between a minimum
of about 2 hours and a maximum of 7 days (suitably up to
about 1-2 days) and e) separating (e.g. by centrifugation) the
oil from the gum phase.

The present invention further provides a method of treating
a gum phase (preferably obtainable or obtained from degum-
ming—such as water degumming or enzymatic degumming
or a combination thereof—an edible oil) wherein the gum
phase is incubated with one or more (active) lipid acyltrans-
ferase enzymes (alone or in combination with one or more
phospholipase C enzyme) for between a minimum of about 2
hours and a maximum of 7 days (suitably up to about 1-2
days) and separating (e.g. by centrifugation) the oil from the
gum phase.

The present invention yet further provides the use of a lipid
acyltransferase (alone or in combination with a phospholi-
pase C) in the incubation of a gum phase (obtainable or
obtained from degumming—such as water degumming,
enzymatic degumming or a combination thereof—an edible
oil) for increasing the yield of oil and/or producing a solid
phase (after separation of the acid oil) with an improved
phosphor level than normal gum.

The use of the enzyme(s) increases the value of the acid oil
compared with the gum because the acid oil can be used for
fatty acid production. Fatty acid has a higher value than a gum
which is otherwise added to meal.

The improvements and/or increases are when compared
with a gum phase which has not been treated by a lipid
acyltransferase (alone or in combination with a phospholi-
pase C).

Suitably the one or more lipid acyltransferase enzymes in
the gum phase may have residual active enzyme which may
have been transferred to the gum phase after enzymatic
degumming of the edible oil. Alternatively the lipid acyltrans-
ferase enzyme in the gum phase may be added lipid acyltrans-
ferase—which enzyme may be added at the beginning or
during the incubation of the gum phase.

Notably the oil at the end of the process in the fourth aspect
(and other treatments of the gum phase) is an “acid 0il”. This
acid oil can be sold with a higher value than the normal gum
phase which is added to meal. The remaining gum phase
(after separation of the acid oil) is sometimes referred to as a
solid phase. It has surprisingly been found that the remaining
solid phase (after separation of the acid oil) has higher a
phosphor level than normal gum and thus can be used as a
source of organic phosphor.

Suitably the gum phase may be incubated with the lipid
acyltransferase (either alone or with one or more phospholi-
pase C enzymes) at about 30 to about 70° C., preferably at
about 40 to about 60° C., preferably at about 40 to about 50°
C., preferably at about 40 to about 45° C.

Preferably, the gum phase obtained from enzymatic water
degumming of crude oil with lipid acyltransferase may be
incubated at about 30 to about 70° C., preferably at about 40
to about 60° C., preferably at about 40 to about 50° C.,
preferably at about 40 to about 45° C.

Suitably the lipid acyltransferase is one classified under the
Enzyme Nomenclature classification (E.C. 2.3.1.43).
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In one embodiment preferably the lipid acyl transferase is
used in combination with a phospholipase C (E.C. 3.1.4.3).

In one preferable embodiment a lipid acyltransferase (E.C.
2.3.1.43)isused in combination with a phospholipase C (E.C.
3.1.43).

Therefore according to one aspect of the present invention
there is provided a process of water degumming an edible oil
(preferably a crude edible oil) comprising the steps of: a)
admixing approximately 0.1-5% w/w water with an edible oil
(preferably a crude edible oil) and a combination of a lipid
acyltransferase and a phospholipase C, b) agitating the
admixture for between about 10 minutes and 180 minutes at
about 45° C. to about 90° C., and ¢) separating the oil phase
and the gum phase.

Without wishing to be bound by theory it has surprisingly
been found that the lipid acyltransferase can use the diglyc-
eride (produced by the reaction of the phospholipase C) as an
acceptor molecule to produce triglyceride. Thus when a lipid
acyltransferase is used in combination with a phospholipase
C the interaction between these enzymes results in a syner-
gistic increase in the amount of triglyceride in an oil compris-
ing both enzymes compared with a comparable oil compris-
ing either enzyme alone or a comparable oil comprising no
enzyme. Advantageously when a lipid acyltransferase is used
in combination with a phospholipase C the interaction
between these enzymes results in a synergistic decrease in the
amount of diglyceride in an oil comprising both enzymes
compared with a comparable oil comprising either enzyme
alone or a comparable oil comprising no enzyme. When a
lipid acyltransferase is used in combination with a phospho-
lipase C the interaction between these enzymes results in a
synergistic increase oil yield in an oil comprising both
enzymes compared with a comparable oil comprising either
enzyme alone or a comparable oil comprising no enzyme.

The use of a combination of these enzymes has significant
advantages over the use of a phospholipase C alone as the
accumulation of diglycerides in an oil (which can occur when
aphospholipase C is used alone) can be detrimental to the oil
because it can have a negative impact on the “smoke point™ of
the oil and/or can have a negative impact on the crystallisation
properties of more saturated fat sources.

Hence in the present invention another advantage of the use
of lipid acyltransferases (particularly when in combination
with a phospholipase C) is that the amount of diglyceride in
the oil can be reduced compared with a comparable oil with-
out the lipid acyltransferase and/or particularly compared
with a comparable oil treated with phospholipase C alone.

In another aspect of the present invention there is provided
a use of a lipid acyltransferase in combination with a phos-
pholipase C during water degumming of an edible oil (pref-
erably during the water degumming of a crude edible oil) for
increasing the yield of oil and/or for increasing triglyceride
levels in the oil phase after completion of the water degum-
ming process and/or for reducing the diglyceride level in the
oil phase after completion of the water degumming process.

According to yet another aspect of the present invention
there is provided a use of a lipid acyltransferase in combina-
tion with a phospholipase C during water degumming of an
edible oil (preferably during the water degumming of a crude
edible oil) for decreasing the viscosity of the gum phase after
completion of the water degumming process.

These increases and/or reductions are when compared with
a comparable degummed edible oil which has not been
treated with a lipid acyltransferase in combination with a
phospholipase C.

Generally the increases and/or reductions discussed herein
are when compared with a comparable process or a compa-
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rable oil which has not been treated with a lipid acyltrans-
ferase (either alone or in combination with a phospholipase
Q).

According to another aspect the present invention provides
a process of water degumming an edible oil (preferably a
crude edible oil) comprising the steps of: a) admixing
approximately 0.1-5% w/w water with an edible oil (prefer-
ably a crude edible oil) and a lipid acyltransferase in combi-
nation with a phospholipase C, b) agitating the admixture for
between about 10 minutes and 180 minutes at about 45° C. to
about 90° C., ¢) separating the oil phase and the gum phase, d)
incubating the gum phase comprising active lipid acyltrans-
ferase for between a minimum of about 2 hours and a maxi-
mum of 7 days (suitably for up to about 1-2 days) and e)
separating (e.g. by centrifugation) oil from the gum phase.

When a phospholipid degrading enzyme (preferably a lipid
acyltransferase) is used in combination with a phospholipase
C the phospholipase C may be added before, at the same time
or after the addition of the lipid acyltransferase enzyme.

In one embodiment preferably the phospholipase C is
added before the lipid acyltransferase.

It has been surprisingly found that using a combination of
a lipid acyltransferase and a phospholipase C significantly
increases the yield of oil in the oil phase after completion of
the water degumming process.

Without wishing to be bound by theory, it is envisaged that
the phospholipase C hydrolyses the phospholipid (e.g. phos-
phatidylcholine) to a diglyceride (e.g. 1,2-diacylglycerol)
and a phosphate moiety (e.g. choline phosphate) and the lipid
acyltransferase then transfers a fatty acid onto the diglyceride
formed by the phospholipase C—thus forming more triglyc-
eride and increasing the oil yield. This effect leads to a syn-
ergistic (i.e. preferably more than additive) increase on oil
yield.

In one embodiment, suitably the method of degumming an
edible oil and/or use according to the present invention may
be carried out at between about 45-90° C., preferably between
about 45 to about 70° C.

In another embodiment, suitably the method of degum-
ming an edible oil process and/or use according to the present
invention may be carried out at above about 44° C., more
preferably above about 45° C., more preferably above about
50° C.

In another embodiment, suitably the process and/or use
according to the present invention may be carried out at below
about 60° C., preferably below about 65° C., preferably below
about 70° C.

Inone embodiment, suitably the process and/oruse accord-
ing to the present invention may be carried out at between
about 45-70° C., preferably between about 45-68° C., more
preferably between about 50-65° C. degrees Celsius.

Suitably the temperature of the oil and/or water may be at
the desired reaction temperature when the enzyme is admixed
therewith.

The oil and/or water may be heated and/or cooled to the
desired temperature before and/or during enzyme addition.
Therefore in one embodiment it is envisaged that a further
step of the process according to the present invention may be
the cooling and/or heating of the oil and/or water.

Preferably the water content for the process according to
the present invention may be between about 0.1-4% w/w,
more preferably between about 0.1-3% w/w, more preferably
between about 0.5-3% w/w.

In one embodiment the water content for the process
according to the present invention may be between about
1-3% wiw.
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In one embodiment the water content for the process
according to the present invention may be less than about 3%
w/w, suitably less than about 2%.

In one embodiment the water content for the process may
be less than 1%. Reducing the amount of water to less than
about 1% can result in a significant financial advantage in a
water degumming process. Therefore being able to reduce the
amount of water to less than about 1% can lead to significant
cost reductions.

Suitably the reaction time (i.e. the time period in which the
admixture is agitated) may be between about 10 minutes and
about 180 minutes, preferably between about 15 minutes and
about 180 minutes, more preferably between about 15 min-
utes and 60 minutes, even more preferably between about 15
minutes and about 35 minutes.

In one embodiment suitably the reaction time may be
between about 30 minutes and about 180 minutes, preferably
between about 30 minutes and about 60 minutes.

In one embodiment the process is preferably carried out at
above about pH 4.5, above about pH 5 or above about pH 6.

Preferably the process is carried out between about pH 4.6
and about pH 10.0, more preferably between about pH 5.0
and about pH 10.0, more preferably between about pH 6.0
and about pH 10.0, more preferably between about pH 5.0
and about pH 7.0, more preferably between about pH 5.0 and
aboutpH 6.5, and even more preferably between about pH 5.5
and pH 6.0.

In one embodiment the process may be carried out at a pH
between about 5.3 to 8.3.

In one embodiment the process may be carried out at a pH
between about 6-6.5, preferably about 6.3.

Suitably the pH may be neutral (about pH 5.0-about pH
7.0) in the methods and/or uses of the present invention.

Preferably the enzyme treatment occurs in the degumming
process without pH adjustment of the oil and/or water. There-
fore typically, the pH will be about 5.5-7.5.

This results in a significant advantage over prior art pro-
cesses using phospholipase A enzymes which are typically
only highly active in acid pH conditions, i.e. pH4-5. There-
fore typically in prior art processes (for example using phos-
pholipase A enzymes) the pH of the oil must be adjusted to
more acidic conditions.

In addition, the use of a lipid acyltransferase with a phos-
pholipase C enzyme has a significant advantage compared
with the use of say a phospholipase A with a phospholipase C
enzyme because the pH optima for lipid acyltransferases
typically coincide much better with the pH optima for phos-
pholipase C enzymes. Therefore, generally there is no “pH-
conflict” when lipid acyltransferases are used in combination
with phospholipase C enzymes. This contrasts sharply with
the use of phospholipase A enzymes in combination with
phospholipase C enzymes. Therefore, the use of lipid acyl-
transferases in combination with phospholipase C enzymes
provides a significant improvement as both enzymes can
work in their optimal pH range or simultaneously.

The separation of the oil phase and the gum phase may be
carried out by any conventional separation method. Prefer-
ably the separation is carried out by centrifugation.

One significant advantage of the use of lipid acyltrans-
ferases (either alone or preferably in combination with a
phospholipase C enzyme) is that the enzyme treatment makes
it possible to adjust the centrifuge to control the amount of
phosphor in the final oil. Without wishing to be bound by
theory this is achievable because the viscosity of the oil is
significantly reduced compared with an oil not treated with
the lipid acyltransferase (either alone or preferably in combi-
nation with a phospholipase C enzyme). This is a significant
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advance over prior art processes. Typically, in conventional
degumming processes the centrifugation results in a phos-
phor level in the oil of about 50 ppm. In fact the specification
guide for the level of phosphor in an edible oil is that it should
be less than 200 ppm. It is actually optimal to have oils with
aphosphor level as close as possible to the 200 ppm level. The
use of the lipid acyltransferase (either alone or preferably in
combination with a phospholipase C enzyme) results in an oil
which can be centrifuged to a phosphor level of between
about 100-200 ppm, preferably about 170-190 ppm, more
preferably about 180 ppm. Adjustment of the centrifuge to
give these levels of phosphor had prior to the present inven-
tion been very difficult and provides a significant improve-
ment in respect of the present invention.

Suitably the water may be admixed with the edible oil,
prior to or at the same time as admixing with the enzyme.
Alternatively, the edible oil and enzyme may be admixed
before admixing with the water.

In one embodiment the oil, water and enzyme may be
pumped in a stream simultaneously or substantially simulta-
neously through a mixer and into a holding tank.

Suitably the enzyme may be inactivated at during and/or at
the end of the process.

The enzyme may be inactivated before or after separation
of the oil phase and the gum phase.

Suitably the enzyme may be heat deactivated by heating for
10 mins at 75-85° C. or at above 92° C.

In one embodiment suitably the enzyme may be not deac-
tivated in the gum phase. Thus when the gum phase is col-
lected and incubated the enzyme may further degrade the
phospholipids in the gum phase. After an extended incubation
of'the gum phase a further separation may be carried out (e.g.
by centrifugation) in order to recover yet more oil from the
gum phase. This may increase yet further the oil yield.

Without wishing to be bound by theory, the enzyme is
thought to degrade the phospholipids to free fatty acids in the
gum phase thus releasing triacylglyceride which had been
previously emulsified with the phospholipids. This lowers the
viscosity of the gum phase and allows the triacylglycerides
and free fatty acids to be separated, for example by centrifu-
gation.

In one embodiment suitably the process of the present
invention may be carried out without the addition of an alka-
line, such as NaOH for example.

In another embodiment suitably the process of the present
invention may be carried out in the presence of an alkali, such
as NaOH for example. When NaOH is added, preferably it is
not added in an amount which exceeds about 0.2 ml (4%
solution) NaOH per 100 g oil.

Enzymes suitable for use in the methods and/or uses of the
invention may have lipid acyltransferase activity as deter-
mined using the “Transferase Assay (Cholesterol: Phospho-
lipid) (TrU)” below.

Determination of Transferase activity “TRANSFERASE
ASSAY (CHOLESTEROL:PHOSPHOLIPID)” (TrU)

Substrate: 50 mg Cholesterol (Sigma C8503) and 450 mg
Soya phosphatidylcholine (PC), Avanti #441601 is dissolved
in chloroform, and chloroform is evaporated at 40° C. under
vacuum.

300 mg PC:cholesterol 9:1 is dispersed at 40° C. in 10 ml
50 mM HEPES buffer pH 7.

Enzymation:

250 pl substrate is added in a glass with lid at 40° C.

25 ul enzyme solution is added and incubated during agi-
tation for 10 minutes at 40° C.

The enzyme added should esterify 2-5% of the cholesterol
in the assay.
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Also a blank with 25 pl water instead of enzyme solution is
analysed.

After 10 minutes 5 ml Hexan:Isopropanol 3:2 is added.

The amount of cholesterol ester is analysed by HPTLC
using Cholesteryl stearate (Sigma C3549) standard for cali-
bration.

Transferase activity is calculated as the amount of choles-
terol ester formation per minute under assay conditions.

One Transferase Unit (TrU) is defined as pmol cholesterol
ester produced per minute at 40° C. and pH 7 in accordance
with the transferase assay given above.

Preferably, the lipid acyltransferase used in the method and
uses of the present invention will have a specific transferase
unit (TrU) per mg enzyme of at least 25 TrU/mg enzyme
protein.

Suitably the lipid acyltransferase for use in the present
invention may be dosed in amount of 0.05 to 50 TrU per goil,
suitably in an amount of 0.5 to 5 TrU per g oil.

More preferably the enzymes suitable for use in the meth-
ods and/or uses of the present invention have lipid acyl-
transferase activity as defined by the protocol below:
Protocol for the Determination of % Acyltransferase Activity:

An edible oil to which a lipid acyltransferase according to
the present invention has been added may be extracted fol-
lowing the enzymatic reaction with CHCI;:CH;OH 2:1 and
the organic phase containing the lipid material is isolated and
analysed by GLC and HPLC according to the procedure
detailed hereinbelow. From the GL.C and HPLC analyses the
amount of free fatty acids and one or more of sterol/stand
esters; are determined. A control edible oil to which no
enzyme according to the present invention has been added, is
analysed in the same way.

Calculation:

From the results of the GLC and HPLC analyses the
increase in free fatty acids and sterol/stanol esters can be
calculated:

A% fatty acid=% Fatty acid(enzyme)-% fatty acid
(control);

My fatty acid=average molecular weight of the fatty
acids;

A=A% sterol ester/Mv sterol ester(where A% sterol
ester=% sterol/stanol ester(enzyme)-% sterol/
stanol ester(control) and Mv sterol ester=average
molecular weight of the sterol/stanol esters);

The transferase activity is calculated as a percentage of the
total enzymatic activity:

Ax100

% t fi tivity =
¢ transierase achvity A+ A% fatty acid/ (Mv fatty acid)

If'the free fatty acids are increased in the edible oil they are
preferably not increased substantially, i.e. to a significant
degree. By this we mean, that the increase in free fatty acid
does not adversely affect the quality of the edible oil.

The edible oil used for the acyltransferase activity assay is
preferably the soya bean oil supplemented with plant sterol
(1%) and phosphatidylcholine (2%) oil using the method:

Plant sterol and phosphatidylcholine were dissolved in

soya bean oil by heating to 95° C. during agitation. The
oil was then cooled to 40° C. and the enzymes were
added. Water was added to a total concentration of 5% of
the oil phase. The sample was maintained at 40° C. with
magnetic stirring and samples were taken out after 4 and
20 hours and analysed by TLC.
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For the assay the enzyme dosage used is preferably 0.2
TIPU-K/g oil, more preferably 0.08 TIPU-K/g oil, preferably
0.01 TIPU-K/g oil. The level of phospholipid present in the
oil and/or the % conversion of sterol is preferably determined
after 0.5, 1, 2, 4 and 20 hours, more preferably after 20 hours.

When the enzyme used is a lipid acyltransferase enzyme
preferably the incubation time is effective to ensure that there
is at least 5% transferase activity, preferably at least 10%
transferase activity, preferably at least 15%, 20%, 25% 26%,
28%, 30%, 40% 50%, 60% or 75% transferase activity.

The % transferase activity (i.e. the transferase activity as a
percentage of the total enzymatic activity) may be determined
by the protocol taught above.

In some aspects of the present invention, the term “without
substantially increasing free fatty acids™ as used herein means
that the amount of free fatty acid in a edible oil treated with an
lipid acyltransferase according to the present invention is less
than the amount of free fatty acid produced in the edible oil
when an enzyme other than a lipid acyltransferase according
to the present invention had been used, such as for example as
compared with the amount of free fatty acid produced when a
conventional phospholipase enzyme, e.g. Lecitase Ultra™
(Novozymes A/S, Denmark), had been used.

In addition to, or instead of, assessing the % transferase
activity in an oil (above), to identify the lipid acyl transferase
enzymes most preferable for use in the methods of the inven-
tion the following assay entitled “Protocol for identifying
lipid acyltransferases for use in the present invention” can be
employed.

Protocol for Identifying Lipid Acyltransferases

A lipid acyltransferase in accordance with the present
invention is one which results in:

i) the removal of phospholipid present in a soya bean oil
supplemented with plant sterol (1%) and phosphatidyl-
choline (2%) oil (using the method: Plant sterol and
phosphatidylcholine were dissolved in soya bean oil by
heating to 95° C. during agitation. The oil was then
cooled to 40° C. and the enzymes were added. The
sample was maintained at 40° C. with magnetic stirring
and samples were taken out after 0.5, 1, 2,4 and 20 hours
and analysed by TLC); and/or

ii) the conversion (% conversion) of the added sterol to
sterol-ester (using the method taught in i) above). The
GLC method for determining the level of sterol and
sterol esters as taught in Example 2 may be used.

For the assay the enzyme dosage used may be 0.2 TIPU-
K/g oil, preferably 0.08 TIPU-K/g oil, preferably 0.01 TIPU-
K/g oil. The level of phospholipid present in the oil and/or the
conversion (% conversion) of sterol is preferably determined
after 0.5, 1, 2, 4 and 20 hours, more preferably after 20 hours.

In the protocol for identifying lipid acyl transferases, after
enzymatic treatment, 5% water is preferably added and thor-
oughly mixed with the oil. The oil is then separated into an oil
and water phase using centrifugation (see “Enzyme-cata-
lyzed degumming of vegetable oils” by Buchold, H. and
Laurgi A.-G., Fett Wissenschaft Technologie (1993), 95(8),
300-4, ISSN: 0931-5985), and the oil phase can then be
analysed for phosphorus content using the following protocol
(“Assay for Phosphorus Content™):

Assay for Phosphorus Content

The level of phospholipid present in an oil after water
degumming is determined by first preparing the oil sample
according to the sample preparation taught in the AOAC
Official Method 999.10 (>Lead, Cadmium, Zinc, Copper, and
Iron in Foods Atomic Absorption Spectrophotometry after
Microwave Digestion, First Action 1999 NMKL-AOAC
Method). The amount of phospholipids in the oil is then
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measured by analysing the phosphorus content in the oil
sample after degumming according to the AOAC Official
Method Ca 20-99: Analysis of Phosphorus in oil by induc-
tively Coupled Plasma Optical Emission Spectroscopy.

The amount of phosphorus present in the oil phase after
using the present invention is typically not significantly dif-
ferent from the phosphorus content in the oil phase after
conventional water degumming (i.e. without enzyme).

The oil yield using the present invention in the oil phase
using the present invention is substantially increased com-
pared with oil phase after using a conventional water degum-
ming process (i.e. without enzyme). Suitably the process
and/or use according to the present invention improves yield
by about0.25 to 7%, such as by about 0.25 to 3%, or about 0.5
t0 2%, or about 1 to 2% compared with the same oil which has
undergone the same water degumming process without addi-
tion of the enzyme.

Surprisingly it was found that the addition of enzyme in the
process according to the present invention provides signifi-
cantly higher oil yield in the oil phase without necessarily
significantly reducing the phosphorus content of the oil phase
compared with a comparable oil phase obtained using a com-
parative water degumming process but without addition of
enzyme.

Suitably the amount of phosphorus in the oil phase when
the oil has been treated in accordance with a process or use of
the present invention may be 0-80%, suitably 0-50%, suitably
0-10%, suitably 0-1% less than the phosphorus content of an
oil phase obtained using a comparative water degumming
process but without addition of enzyme.

Notably the oil phase obtained in the process according to
the present invention may be further degummed to remove
phosphatides and/or phospholipids. For example the oil phase
may undergo either enzymatic degumming and/or acid
degumming.

The % conversion of the sterol present in the oil is at least
1%, preferably at least 5%, preferably at least 10%, prefer-
ably at least 20%, preferably at least 30%, preferably at least
40%, preferably at least 50%, preferably at least 60%, pref-
erably at least 70%, preferably at least 80%, preferably at
least 90%, preferably at least 95%.

In one embodiment the % conversion of the sterol present
in the oil is at least 5%, preferably at least 20%.

In some aspects, the lipid acyltransferase for use in any one
of the methods and/or uses of the present invention may
comprise a GDSx motif and/or a GANDY motif.

Preferably, the lipid acyltransferase enzyme is character-
ised as an enzyme which possesses acyltransferase activity
and which comprises the amino acid sequence motif GDSX,
wherein X is one or more of the following amino acid residues
LA, V,LEY H,QT,N,MorS.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase or lipid acyltransferase for use in any one of the
methods and/or uses of the present invention may be obtain-
able, preferably obtained, from an organism from one or more
of the following genera: Aeromonas, Streptomyces, Saccha-
romyces, Lactococcus, Mycobacterium, Streptococcus, Lac-
tobacillus, Desulfitobacterium, Bacillus, Campylobacter,
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosac-
charomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia,
Xanthomonas and Candida. Preferably, the lipid acyltrans-
ferase is obtainable, preferably obtained, from an organism
from the genus Aeromonas.

In some aspects of the present invention, the nucleotide
sequence encoding a lipid acyltransferase for use in any one
of'the methods and/or uses of the present invention encodes a
lipid acyltransferase that comprises an aspartic acid residue at
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a position corresponding to N-80 in the amino acid sequence
of'the Aeromonas salmonicida lipid acyltransferase shown as
SEQ ID No. 35.

In some aspects of the present invention, the lipid acyl-
transferase for use in any one of the methods and/or uses of
the present invention is a lipid acyltransferase that comprises
an aspartic acid residue at a position corresponding to N-80 in
the amino acid sequence of the Aeromonas salmonicida lipid
acyltransferase shown as SEQ ID No. 35.

In addition or in the alternative, the nucleotide sequence
encoding a lipid acyltransferase for use in any one of the
methods and/or uses of the present invention encodes a lipid
acyltransferase that may comprise the amino acid sequence
shown as SEQ ID No. 16, or an amino acid sequence which
has 75% or more homology thereto. Suitably, the nucleotide
sequence encoding a lipid acyltransferase encodes a lipid
acyltransferase that may comprise the amino acid sequence
shown as SEQ ID No. 16.

In addition or in the alternative, the nucleotide sequence
encoding a lipid acyltransferase for use in any one of the
methods and/or uses of the present invention encodes a lipid
acyltransferase that may comprise the amino acid sequence
shown as SEQ ID No. 68, or an amino acid sequence which
has 75% or more homology thereto. Suitably, the nucleotide
sequence encoding a lipid acyltransferase encodes a lipid
acyltransferase that may comprise the amino acid sequence
shown as SEQ ID No. 68.

In one embodiment the lipid acyltransferase for use in any
one of the methods and/or uses of the present invention has an
amino acid sequence shown in SEQ ID No. 16 or SEQ ID No.
68, or has an amino acid sequence which has at least 75%
identity therewith, preferably at least 80%, preferably at least
85%, preferably at least 95%, preferably at least 98% identity
therewith.

In one embodiment the lipid acyltransferase for use in any
one of the methods and/or uses of the present invention is
encoded by a nucleotide sequence shown in SEQ ID No. 49,
oris encoded by anucleotide sequence which has at least 75%
identity therewith, preferably at least 80%, preferably at least
85%, preferably at least 95%, preferably at least 98% identity
therewith.

In one embodiment preferably the lipid acyltransferase for
use in any one of the methods and/or uses of the present
invention is a lipid acyltransferase that is expressed in Bacil-
lus licheniformis by transforming said B. licheniformis with a
nucleotide sequence shown in SEQ ID No. 1 or a nucleotide
sequence having at least 75% therewith (more preferably at
least 80%, more preferably at least 85%, more preferably at
least 95%, more preferably at least 98% identity therewith);
culturing said B. licheniformis and isolating the lipid acyl-
transferase(s) produced therein.

The term “edible oil” as uses herein may encompass veg-
etable oils.

Preferably, the edible oil prior to treatment in accordance
with the present invention is a crude edible oil comprising a
non-hydratable phosphorus content of about 50-3000 ppm,
more preferably in the range of about 50-1400 ppm, more
preferably in the range of about 200-1400 ppm, and even
more preferably in the range of about 400-1200 ppm.

In one aspect, the crude edible oil has, prior to carrying out
the method of the invention, a phosphorous content above 350
ppm, more preferably above 400 ppm, even more preferably
above 500 ppm, and most preferably above 600 ppm.

Preferably the edible oil is a vegetable oil.

Oils encompassed by the method according to the present
invention may include, but are not limited to, one or more of
soya bean oil, canola oil, corn oil, cottonseed oil, palm oil,
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coconut oil, rice bran oil, peanut oil, olive oil, safflower oil,
palm kernel oil, rape seed oil and sunflower oil.

Preferably, the oil is one or more of soya bean oil, corn oil,
sunflower oil and rape seed oil (sometimes referred to as
canola oil).

More preferably, the oil is one or more of soya bean oil,
sunflower oil or rape seed oil.

Most preferably, the oil is soya bean oil.

As used herein, “crude o0il” (also referred to herein as a
non-degummed oil) may be a pressed or extracted oil or a
mixture thereof.

The phosphatide content in a crude oil may vary from
0.5-3% w/w corresponding to a phosphorus content in the
range of 200-1200 ppm, more preferably in the range of
250-1200 ppm.

Apart from the phosphatides the crude oil may also contain
small concentrations of carbohydrates, sugar compounds and
metal/phosphatide acid complexes of Ca, Mg and Fe.

Advantageously, the method and uses of the present inven-
tion enable degumming of edible oils in a low water (<5%,
preferably less than 2%, more preferably less than 1%) envi-
ronments. Therefore water degumming can be performed
with adding less water than when using a conventional water
degumming process.

A further advantage of the present invention is the produc-
tion of sterol esters in the oil phase.

Suitably the enzyme may be dosed in a range of about
0.01-10 TIPU-K/g oil, suitably the enzyme may be dosed in
the range of about 0.05 to 1.5 TIPU-K/g oil, more preferably
at 0.2-1 TIPU-K/g oil.

When the enzyme is a lipid acyltransferase suitably it may
be dosed in the range of about 0.01 TIPU-K units/g oil to 5
TIPU-K units/g oil. In one embodiment the lipid acyltrans-
ferase may be dosed in the range of about 0.1 to about 1
TIPU-K units/g oil, more preferably the lipid acyltransferase
may be dosed in the range of about 0.1 to about 0.5 TIPU-K
units/g oil, more preferably the lipid acyltransferase may be
dosed in the range of about 0.1 to about 0.3 TIPU-K units/g
oil.

When the enzyme is a phospholipase suitably it may be
dosed in the range of about 0.5-10 TIPU-K units/g oil. In one
embodiment the phospholipase may be dosed in the range of
about 0.5-5 TIPU-K units/g oil, preferably the phospholipase
may be dosed in the range of about 0.5-1.5 TIPU-K units/g
oil. Suitably the phospholipase may be dosed in the range of
about 1.0-3 TIPU-K units/g oil.

Phospholipase Activity, TIPU-K:

Substrate: 1.75% L-Plant Phosphatidylcholin  95%
(441601, Avanti Polar Lipids), 6.3% Triton X-100 (#19284,
Sigma) and 5 mM CaCl, dissolved in 50 mm Hepes pH 7.0.
Assay procedure: Samples, calibration, and control were
diluted in 10 mM HEPES pH 7.0, 0.1% Triton X-100
(#19284, Sigma). Analysis was carried out using a Konelab
Autoanalyzer (Thermo, Finland). The assay was run at 30 C.
34 ul substrate was thermostatted for 180 seconds, before 4
ul sample was added. Enzymation lasted 600 sec. The
amount of free fatty acid liberated during enzymation was
measured using the NEFA C kit (999-75406, WAKO, Ger-
many). 56 uL. NEFA A was added and the mixture was incu-
bated for 300 sec. Afterwards, 113 ul. NEFA B was added and
the mixture was incubated for 300 sec. OD 520 nm was then
measured. Enzyme activity (umol FFA/minml.) was calcu-
lated based on a standard enzyme preparation.

Enzyme activity TIPU-K was calculated as micromole free
fatty acid (FFA) produced per minute under assay conditions.

In the present invention the process is preferably not a
caustic neutralisation process (i.e. is not an acid-water
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degumming process and/or is not a acid-caustic degumming
process). In other words, the process preferably does not
comprise the addition of acids (such as phosphoric, citric,
ascorbic, sulphuric, fumaric, maleic, hydrochloric and/or
acetic acids) or caustics (such as KOH and NaOH), or does
not comprise the addition of substantial amounts of acids or
caustics. In other words if acids and/or caustics are added in
the process of the present invention they are added at less than
0.004%.

For the ease of reference, these and further aspects of the
present invention are now discussed under appropriate sec-
tion headings. However, the teachings under each section are
not necessarily limited to each particular section.
Phospholipase C

As mentioned above, the phospholipid degrading enzyme
(preferably a lipid acyltransferase) may be used in combina-
tion with a phospholipase C (E.C. 3.1.4.3).

The phospholipase C may be any available phospholipase
C enzyme and may be selected from one or more of the
following phospholipase C enzymes: Purifine® (available
from Verenium, US); a phospholipase C from Clostridium
perfringens (such as the phospholipase C available from
Sigma, Ref P7633); a phospholipase C from Bacillus cereus
(such as the phospholipase C available from Sigma, Ref
P6621); a phospholipase C enzyme taught in WO2008/
036863 (incorporated herein by reference).

Advantages

One advantage of the present invention is that an increased
oil yield is obtained at the end of the water degumming
process. The increase in oil yield is compared with a compa-
rable water degumming process but without the addition of an
enzyme in accordance with the present invention.

Without wishing to be bound by theory, the increased yield
may be due to a decreased emulsifying effect caused by the
removal of the phospholipids to the gum phase. Phospholip-
ids are good emulsifiers and may be emulsified with triacylg-
lyceride thus when the phospholipids are removed to the gum
phase some oil in the form of triacylglyceride (oil) is also
removed. A reduction in the viscosity of the gum phase due to
the degradation of the phospholipids helps prevent the loss of
oil to the gum phase (as separation is of the gum phase and the
oil is much easier).

In addition or alternatively (without wishing to be bound
by theory) when a lipid acyltransferase is used in accordance
with the present invention sterol esters are formed by trans-
ferring a fatty acid moiety from a phospholipids to a sterol.
This fatty acid moiety esterified to sterol by the lipid acyl-
transferase enzyme reaction is found in the oil phase and not
in the gum phase. In conventional water degumming pro-
cesses (without addition of lipid acyltransferase) these fatty
acid moieties are lost to the gum phase.

A further advantage of the present invention is that when a
lipid acyltransferase is used the pH in the water degumming
process (about pH 5.0 or 5.5 to about pH 6.5 or 7) does not
need to be adjusted. This pH results in a high reactivity of the
lipid acyltransferase.

Another advantage of the present invention when using a
lipid acyltransferase is the fatty acid from the phospholipids is
transferred onto a sterol to form sterol esters. This on its own
may contribute from between 0.1 to 0.15% increase in yield in
the oil phase.

A further advantage of the present invention (particularly
when using a lipid acyltransferase) is that the gum phase is
less viscous compared with the gum phase from a comparable
water degumming process but without the addition of an



US 9,228,211 B2

15

enzyme in accordance with the present invention. Lower vis-
cosity in the gum phase results in it being easier to separate
from the oil phase, i.e. by centrifugation.

In addition the gum phase may have a lower water content
hence it may be easier to dry out.

A yet further advantage of the present invention is that
there is a reduced triglyceride concentration in the gum phase.

The process of the present invention may result in a
decreased fouling in the processing plant. This means that
cleaning of the plant may be easier.

Without wishing to be bound by theory it has surprisingly
been found that the lipid acyltransferase can use the diglyc-
eride (produced by the reaction of the phospholipase C) as an
acceptor molecule to produce triglyceride. Thus when a lipid
acyltransferase is used in combination with a phospholipase
C the interaction between these enzymes results in a syner-
gistic increase in the amount of triglyceride in an oil compris-
ing both enzymes compared with a comparable oil compris-
ing either enzyme alone or a comparable oil comprising no
enzyme. When a lipid acyltransferase is used in combination
with a phospholipase C the interaction between these
enzymes results in a synergistic increase oil yield in an oil
comprising both enzymes compared with a comparable oil
comprising either enzyme alone or a comparable oil compris-
ing no enzyme.

The use of a combination of these enzymes has significant
advantages over the use of a phospholipase C alone as the
accumulation of diglycerides in an oil (which can occur when
aphospholipase C is used alone) can be detrimental to the oil
because it can have a negative impact on the “smoke point™ of
the oil and/or can have a negative impact on the crystallisation
properties of more saturated fat sources.

Hence in the present invention another advantage of the use
of lipid acyltransferases (particularly when in combination
with a phospholipase C) is that the amount of diglyceride in
the oil can be reduced compared with a comparable oil with-
out the lipid acyltransferase and/or particularly compared
with a comparable oil treated with phospholipase C alone.

Use of the enzyme(s) in accordance with the present inven-
tion can reducing the amount of water needed in the process
to less than about 1%. This can result in a significant financial
advantage in a water degumming process. Therefore being
able to reduce the amount of water to less than about 1% can
lead to significant cost reductions.

Preferably the enzyme treatment occurs in the degumming
process without pH adjustment of the oil and/or water. This
results in a significant advantage over prior art processes
using phospholipase A enzymes which are typically only
highly active in acid pH conditions. Typically in prior art
processes (for example using phospholipase A enzymes) the
pH of the oil must be adjusted before and/or during the
degumming process. This is not necessary with the present
invention.

In addition, the use of a lipid acyltransferase in combina-
tion with a phospholipase C enzyme has a significant advan-
tage compared with the use of say a phospholipase A with a
phospholipase C enzyme because the pH optima for lipid
acyltransferases typically coincide much better with the pH
optima for phospholipase C enzymes. Therefore, generally
there is no “pH-conflict” when lipid acyltransferases are used
in combination with phospholipase C enzymes. This con-
trasts sharply with the use of phospholipase A enzymes in
combination with phospholipase C enzymes. Therefore, the
use of lipid acyltransferases in combination with phospholi-
pase C enzymes provides a significant improvement as both
enzymes can work in their optimal pH range or simulta-
neously.
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Notably in the method which comprises treatment of the
gum phase with a lipid acyltransferase (either alone or in
combination with a phospholipase C) the “acid 0il” produced
at the end of this process can be sold with a higher value than
the normal gum phase which is added to meal. In addition the
remaining gum phase (after separation of the acid oil) has
surprisingly been found to have a higher phosphor level than
normal gum and thus can be used as a source of organic
phosphor.

Host Cell

The host organism can be a prokaryotic or a eukaryotic
organism.

In one embodiment of the present invention the lipid acyl
transferase according to the present invention in expressed in
a host cell, for example a bacterial cells, such as a Bacillus
spp, for example a Bacillus licheniformis host cell.

Alternative host cells may be fungi, yeasts or plants for
example.

It has been found that the use of a Bacillus licheniformis
host cell results in increased expression of a lipid acyltrans-
ferase when compared with other organisms, such as Bacillus
subtilis.

A lipid acyltransferase from Aeromonas salmonicida has
been inserted into a number of conventional expression vec-
tors, designed to be optimal for the expression in Bacillus
subtilis, Hansenula polymorpha, Schizosaccharomyces
pombe and Aspergillus tubigensis, respectively. Only very
low levels were, however, detected in Hansenula polymor-
pha, Schizosaccharomyces pombe and Aspergillus tubigen-
sis. The expression levels were below 1 ug/ml, and it was not
possible to select cells which yielded enough protein to ini-
tiate a commercial production (results not shown). In con-
trast, Bacillus licheniformis was able to produce protein lev-
els, which are attractive for an economically feasible
production.

Inparticular, it has been found that expression in B. licheni-
formis is approximately 100-times greater than expression in
B. subtilis under the control of aprE promoter or is approxi-
mately 100-times greater than expression in S. /ividans under
the control of an A4 promoter and fused to cellulose (results
not shown herein).

Thehost cell may be any Bacillus cell other than B. subtilis.
Preferably, said Bacillus host cell being from one of the
following species: Bacillus licheniformis; B. alkalophilus; B.
amyloliquefaciens; B. circulans; B. clausii; B. coagulans; B.
firmus; B. lautus; B. lentus; B. megaterium; B. pumilus or B.
stearothermophilus.

The term “host cell”—in relation to the present invention
includes any cell that comprises either a nucleotide sequence
encoding a lipid acyltransferase as defined herein or an
expression vector as defined herein and which is used in the
recombinant production of a lipid acyltransferase having the
specific properties as defined herein.

Suitably, the host cell may be a protease deficient or pro-
tease minus strain and/or an a-amylase deficient or ci-amy-
lase minus strain.

The term “heterologous™ as used herein means a sequence
derived from a separate genetic source or species. A heterolo-
gous sequence is a non-host sequence, a modified sequence, a
sequence from a different host cell strain, or a homologous
sequence from a different chromosomal location of the host
cell.

A “homologous” sequence is a sequence that is found in the
same genetic source or species i.e. it is naturally occurring in
the relevant species of host cell.

The term “recombinant lipid acyltransferase” as used
herein means that the lipid acyltransferase has been produced
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by means of genetic recombination. For instance, the nucle-
otide sequence encoding the lipid acyltransferase has been
inserted into a cloning vector, resulting in a B. licheniformis
cell characterised by the presence of the heterologous lipid
acyltransferase.

Regulatory Sequences

In some applications, a lipid acyltransferase sequence for
use in the methods and/or uses of the present invention may be
obtained by operably linking a nucleotide sequence encoding
same to a regulatory sequence which is capable of providing
for the expression of the nucleotide sequence, such as by the
chosen host cell (such as a B. licheniformis cell).

By way of example, a vector comprising the nucleotide
sequence of the present invention operably linked to such a
regulatory sequence, i.e. the vector is an expression vector,
may be used.

The term “operably linked” refers to a juxtaposition
wherein the components described are in a relationship per-
mitting them to function in their intended manner. A regula-
tory sequence “operably linked” to a coding sequence is
ligated in such a way that expression of the coding sequence
is achieved under conditions compatible with the control
sequences.

The term “regulatory sequences” includes promoters and
enhancers and other expression regulation signals.

The term “promoter” is used in the normal sense of the art,
e.g. an RNA polymerase binding site.

Enhanced expression of the nucleotide sequence encoding
the enzyme having the specific properties as defined herein
may also be achieved by the selection of regulatory regions,
e.g. promoter, secretion leader and terminator regions that are
not regulatory regions for the nucleotide sequence encoding
the enzyme in nature.

Suitably, the nucleotide sequence of the present invention
may be operably linked to at least a promoter.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase may be operably linked to at a nucleotide
sequence encoding a terminator sequence. Examples of suit-
able terminator sequences for use in any one of the vectors,
host cells, methods and/or uses of the present invention
include: an a-amylase terminator sequence (for instance,
CGGGACTTACCGAAAGAAACCATCAAT-
GATGGTTTCTTTTTTGTTCATAAA—SEQIDNo. 64),an
alkaline protease terminator sequence (for instance, CAA-
GACTAAAGACCGTTCGCCCGTTTTTG-
CAATAAGGGGGCGAATCTTACATAAAA  ATA—SEQ
ID No. 65), a glutamic-acid specific terminator sequence (for
instance, ACGGCCGTTAGATGTGACAGCCCGTTC-
CAAAAGGAAGCGGGCTGTCTTCGTGTAT TATTGT—
SEQ ID No. 66), a levanase terminator sequence (for
instance, TCTTTTAAAGGAAAGGCTGGAATGCCCG-
GCATTCCAGCCACATGATCATCGTTT—SEQ ID No.
67) and a subtilisin E terminator sequence (for instance, GCT-
GACAAATAAAAAGAAGCAGGTATGGAG-
GAACCTGCTTCTTTTTACTATTATTG). Suitably, the
nucleotide sequence encoding a lipid acyltransferase may be
operably linked to an a-amylase terminator, such as a B.
licheniformis a.-amylase terminator.

Promoter

The promoter sequence to be used in accordance with the
present invention may be heterologous or homologous to the
sequence encoding a lipid acyltransferase.

The promoter sequence may be any promoter sequence
capable of directing expression of a lipid acyltransferase in
the host cell of choice.
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Suitably, the promoter sequence may be homologous to a
Bacillus species, forexample B. licheniformis. Preferably, the
promoter sequence is homologous to the host cell of choice.

Suitably the promoter sequence may be homologous to the
host cell. “Homologous to the host cell” means originating
within the host organism; i.e. a promoter sequence which is
found naturally in the host organism.

Suitably, the promoter sequence may be selected from the
group consisting of a nucleotide sequence encoding: an
a-amylase promoter, a protease promoter, a subtilisin pro-
moter, a glutamic acid-specific protease promoter and a
levansucrase promoter.

Suitably the promoter sequence may be a nucleotide
sequence encoding: the LAT (e.g. the alpha-amylase pro-
moter from B. licheniformis, also known as AmyL), AprLL
(e.g. subtilisin Carlsberg promoter), EndoGluC (e.g. the
glutamic-acid specific promoter from B. licheniformis),
AmyQ (e.g. the alpha amylase promoter from B. amylolique-
faciens alpha-amylase promoter) and SacB (e.g. the B. sub-
tilis levansucrase promoter).

Other examples of promoters suitable for directing the
transcription of a nucleic acid sequence in the methods of the
present invention include: the promoter of the Bacillus lentus
alkaline protease gene (aprH); the promoter of the Bacillus
subtilis alpha-amylase gene (amyE); the promoter of the
Bacillus stearothermophilus maltogenic amylase gene
(amyM); the promoter of the Bacillus licheniformis penicil-
linase gene (penP); the promoters of the Bacillus subtilis
xylA and xylB genes; and/or the promoter of the Bacillus
thuringiensis subsp. tenebrionis CrylllA gene.

In a preferred embodiment, the promoter sequence is an
a-amylase promoter (such as a Bacillus licheniformis o-amy-
lase promoter). Preferably, the promoter sequence comprises
the =35 to —-10 sequence of the B. licheniformis a-amylase
promoter—see FIGS. 53 and 55.

The “-35 to —10 sequence” describes the position relative
to the transcription start site. Both the “~35” and the “~10" are
boxes, i.e. a number of nucleotides, each comprising 6 nucle-
otides and these boxes are separated by 17 nucleotides. These
17 nucleotides are often referred to as a “spacer”. This is
illustrated in FIG. 55, where the =35 and the —10 boxes are
underlined. For the avoidance of doubt, where “-35 to -10
sequence” is used herein it refers to a sequence from the start
of'the -35 box to the end of the —-10 box i.e. including both the
-35 box, the 17 nucleotide long spacer and the —10 box.
Signal Peptide

Thelipid acyltransferase produced by a host cell by expres-
sion of the nucleotide sequence encoding the lipid acyltrans-
ferase may be secreted or may be contained intracellularly
depending on the sequence and/or the vector used.

A signal sequence may be used to direct secretion of the
coding sequences through a particular cell membrane. The
signal sequences may be natural or foreign to the lipid acyl-
transferase coding sequence. For instance, the signal peptide
coding sequence may be obtained form an amylase or pro-
tease gene from a Bacillus species, preferably from Bacillus
licheniformis.

Suitable signal peptide coding sequences may be obtained
from one or more of the following genes: maltogenic a-amy-
lase gene, subtilisin gene, beta-lactamase gene, neutral pro-
tease gene, prsA gene, and/or acyltransferase gene.

Preferably, the signal peptide is a signal peptide of B.
licheniformis o-amylase, Aeromonas acyltransferase (for
instance, mkkwfvcllglialtvqga—SEQ ID No. 21), B. subtilis
subtilisin (for instance, mrskklwisllfaltliftmafsnmsaga—
SEQ ID No. 22) or B. licheniformis subtilisin (for instance,
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mmrkkstwigmltafmlvfimefsdsasa—SEQ ID No. 23). Suit-
ably, the signal peptide may be the signal peptide of B.
licheniformis a.-amylase.

However, any signal peptide coding sequence capable of
directing the expressed lipid acyltransferase into the secre-
tory pathway of a Bacillus host cell (preferably a B. licheni-
formis host cell) of choice may be used.

In some embodiments of the present invention, a nucle-
otide sequence encoding a signal peptide may be operably
linked to a nucleotide sequence encoding a lipid acyltrans-
ferase of choice.

The lipid acyltransferase of choice may be expressed in a
host cell as defined herein as a fusion protein.

Expression Vector

The term “expression vector” means a construct capable of
in vivo or in vitro expression.

Preferably, the expression vector is incorporated in the
genome of the organism, such as a B. licheniformis host. The
term “incorporated” preferably covers stable incorporation
into the genome.

The nucleotide sequence encoding a lipid acyltransferase
as defined herein may be present in a vector, in which the
nucleotide sequence is operably linked to regulatory
sequences such that the regulatory sequences are capable of
providing the expression of the nucleotide sequence by a
suitable host organism (such as B. licheniformis), i.e. the
vector is an expression vector.

The vectors of the present invention may be transformed
into a suitable host cell as described above to provide for
expression of a polypeptide having lipid acyltransferase
activity as defined herein.

The choice of vector, e.g. plasmid, cosmid, virus or phage
vector, genomic insert, will often depend on the host cell into
which it is to be introduced. The present invention may cover
other forms of expression vectors which serve equivalent
functions and which are, or become, known in the art.

Once transformed into the host cell of choice, the vector
may replicate and function independently of the host cell’s
genome, or may integrate into the genome itself.

The vectors may contain one or more selectable marker
genes—such as a gene which confers antibiotic resistance
e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin
resistance. Alternatively, the selection may be accomplished
by co-transformation (as described in W091/17243).

Vectors may be used in vitro, for example for the produc-
tion of RNA or used to transfect or transform a host cell.

The vector may further comprise a nucleotide sequence
enabling the vector to replicate in the host cell in question.
Examples of such sequences are the origins of replication of
plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 and
plI702.

Lipid Acyl Transferase

The nucleotide sequence encoding a lipid acyl transferase
for use in any one of the methods and/or uses of the present
invention may encode a natural lipid acyl transferase or a
variant lipid acyl transferase.

The lipid acyl transferase for use in any one of the methods
and/oruses of the present invention may be a natural lipid acyl
transferase or a variant lipid acyl transferase.

For instance, the nucleotide sequence encoding a lipid acyl
transferase for use in the present invention may be one as
described in WO2004/064537, WO2004/064987, WO2005/
066347, or WO2006/008508. These documents are incorpo-
rated herein by reference.

The term “lipid acyl transferase” as used herein preferably
means an enzyme that has acyltransferase activity (generally
classified as E.C. 2.3.1.x, for example 2.3.1.43), whereby the
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enzyme is capable of transferring an acyl group from a lipid to
one or more acceptor substrates, such as one or more of the
following: a sterol; a stanol; a carbohydrate; a protein; a
protein subunit; a sugar alcohol, such as ascorbic acid and/or
glycerol—preferably glycerol and/or a sterol, such as choles-
terol.

Preferably, the lipid acyl transferase for use in any one of
the methods and/or uses of the present invention is a lipid
acyltransferase that is capable of transferring an acyl group
from a phospholipid (as defined herein) to a sugar alcohol,
such as ascorbic acid and/or glycerol and/or a sterol, prefer-
ably glycerol or a sterol, most preferably a sterol (e.g. cho-
lesterol).

For some aspects the “acyl acceptor” according to the
present invention may be any compound comprising a
hydroxy group (—OH), such as for example, polyvalent alco-
hols, including glycerol; sterols; stanols; carbohydrates;
hydroxy acids including fruit acids, citric acid, tartaric acid,
lactic acid and ascorbic acid; proteins or a sub-unit thereof,
such as amino acids, protein hydrolysates and peptides (partly
hydrolysed protein) for example; and mixtures and deriva-
tives thereof. Preferably, the “acyl acceptor” according to the
present invention is not water.

The acyl acceptor is preferably not a monoglyceride.

In one embodiment the acyl acceptor may be a diglyceride.

In one aspect, the lipid acyltransferase for use in the meth-
ods and/or uses of the present invention preferably is able to
transfer an acyl group from a lipid to a sterol and/or a stanol.

In another aspect, the lipid acyltransferase for use in the
methods and/or uses of the present invention may, as well as
being able to transfer an acyl group from a lipid to a sterol
and/or a stanol, additionally be able to transfer the acyl group
from a lipid to one or more of the following: a carbohydrate,
a protein, a protein subunit, glycerol, fatty alcohol.

Suitably, the acyl acceptor may be naturally found in the
oil. Alternatively the acyl acceptor may be added to the oil
(e.g. the acyl acceptor may be extraneous to the oil). For
instance, in some embodiments a sterol and/or stanol may be
added to the oil prior to or during the degumming process.
This is particularly important if the amount of acyl acceptor is
rate limiting on the acyltransferase reaction. Addition of an
acyl acceptor may lead to reductions in free fatty acids and/or
higher acyl acceptor ester formation compared to an oil where
no additional acyl acceptor is added.

Preferably, the lipid substrate upon which the lipid acyl
acts is one or more of the following lipids: a phospholipid,
such as a lecithin, e.g. phosphatidylcholine and/or phosphati-
dylethanolamine.

This lipid substrate may be referred to herein as the “lipid
acyl donor”. The term lecithin as used herein encompasses
phosphatidylcholine, phosphatidylethanolamine, phosphati-
dylinositol, phosphatidylserine and phosphatidylglycerol.

Preferred lipid acyltransferases for use in the present
invention are identified as those which have a high activity
such as high phospholipid hydrolytic activity or high phos-
pholipid transferase activity on phospholipids in an oil envi-
ronment, most preferably lipid acyl transferases for use in the
present invention have a high phospholipid to sterol trans-
ferase activity.

As detailed above, other acyl-transferases suitable for use
in the methods of the invention may be identified by identi-
fying the presence of the GDSx, GANDY and HPT blocks
either by alignment of the pFam00657 consensus sequence
(SEQ ID No 1), and/or alignment to a GDSx acyltransferase,
for example SEQ ID No 28. In order to assess their suitability
for degumming, i.e. identify those enzymes which have a
transferase activity of at least 5%, more preferably at least
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10%, more preferably at least 20%, more preferably at least
30%, more preferably at least 40%, more preferably 50%,
more preferably at least 60%, more preferably at least 70%,
more preferably at least 80%, more preferably at least 90%
and more preferably at least 98% of the total enzyme activity,
such acyltranstferases are tested using the “Protocol for the
determination of % acyltransferase activity” assay detailed
hereinabove.

For some aspects, preferably the lipid acyl transferase for
use in any one of the methods and/or uses of the present
invention is a lipid acyltransferase that is incapable, or sub-
stantially incapable, of acting on a triglyceride and/or a
1-monoglyceride and/or 2-monoglyceride.

For some aspects, preferably the lipid acyl transferase for
use in any one of the methods and/or uses of the present
invention is a lipid acyltransferase that does not exhibit tria-
cylglycerol lipase activity (E.C. 3.1.1.3) or does not exhibit
significant triacylglycerol lipase activity (E.C. 3.1.1.3).

The ability to hydrolyse triglyceride (E.C. 3.1.1.3 activity)
may be determined by lipase activity is determined according
to Food Chemical Codex (3rd Ed., 1981, pp 492-493) modi-
fied to sunflower oil and pH 5.5 instead of olive oil and pH 6.5.
The lipase activity is measured as LUS (lipase units sun-
flower) where 1 LUS is defined as the quantity of enzyme
which can release 1 [mu]mol of fatty acids per minute from
sunflower oil under the above assay conditions. Alternatively
the LUT assay as defined in W0O9845453 may be used. This
reference is incorporated herein by reference.

The lipid acyl transferase for use in any one of the methods
and/or uses of the present invention may be a lipid acyltrans-
ferase which is substantially incapable of acting on a triglyc-
eride may have a LUS/mg of less than 1000, for example less
than 500, such as less than 300, preferably less than 200, more
preferably less than 100, more preferably less than 50, more
preferably less than 20, more preferably less than 10, such as
less than 5, less than 2, more preferably less than 1 LUS/mg.
Alternatively LUT/mg activity is less than 500, such as less
than 300, preferably less than 200, more preferably less than
100, more preferably less than 50, more preferably less than
20, more preferably less than 10, such as less than 5, less than
2, more preferably less than 1 LUT/mg.

The lipid acyl transferase for use in any one of the methods
and/or uses of the present invention may be a lipid acyltrans-
ferase which is substantially incapable of acting on a
monoglyceride. This may be determined by using mono-
oleate (M7765 1-Oleoyl-rac-glycerol 99%) in place of the
sunflower oil in the LUS assay. 1 MGHU is defined as the
quantity of enzyme which can release 1 [mu]mol of fatty
acids per minute from monoglyceride under the assay condi-
tions.

The lipid acyl transferase for use in any one of the methods
and/or uses of the present invention is a lipid acyltransferase
which is preferably substantially incapable of acting on a
triglyceride may have a MGHU/mg of less than 5000, for
example less than 1000, for example less than 500, such as
less than 300, preferably less than 200, more preferably less
than 100, more preferably less than 50, more preferably less
than 20, more preferably less than 10, such as less than 5, less
than 2, more preferably less than 1 MGHU/mg.

Suitably, the lipid acyltransferase for use in any one of the
methods and/or uses of the present invention is a lipid acyl-
transferase which in addition to its lipid acyltransferase activ-
ity may also exhibit one or more of the following phospholi-
pase activities: phospholipase A2 activity (E.C. 3.1.1.4) and/
or phospholipase A1l activity (E.C. 3.1.1.32). The lipid acyl
transferase may also have phospholipase B activity (E.C.
3.1.1.5).
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Suitably, for some aspects the lipid acyltransferase may be
capable of transferring an acyl group from a phospholipid to
a stanol and/or sterol, preferably cholesterol.

For some aspects, preferably the lipid acyltransferase for
use any one of the methods and/or uses of the present inven-
tion encodes a lipid acyltransferase that is capable of trans-
ferring an acyl group from a phospholipid to a sterol and/or a
stanol to form at least a sterol ester and/or a stanol ester.

Thus, in one embodiment the “acyl acceptor” according to
the present invention may be a plant sterol/stanol.

Preferably, the lipid acyltransferase enzyme may be char-
acterised using the following criteria:

the enzyme possesses acyl transferase activity which may

be defined as ester transfer activity whereby the acyl part
of an original ester bond of a lipid acyl donor is trans-
ferred to an acyl acceptor to form a new ester; and

the enzyme comprises the amino acid sequence motif

GDSX, wherein X is one or more of the following amino
acid residues L, A, V, L F, Y, H, Q, T, N, M or S.

Preferably, X ofthe GDSX motifis L or Y. More preferably,
X of the GDSX motif is L. Thus, preferably the enzyme
according to the present invention comprises the amino acid
sequence motif GDSL.

The GDSX motif is comprised of four conserved amino
acids. Preferably, the serine within the motif is a catalytic
serine of the lipid acyl transferase enzyme. Suitably, the
serine of the GDSX motif may be in a position corresponding
to Ser-16 in Aeromonas hydrophila lipid acyltransferase
enzyme taught in Brumlik & Buckley (Journal of Bacteriol-
ogy April 1996, Vol. 178, No. 7, p 2060-2064).

To determine if a protein has the GDSX motif according to
the present invention, the sequence is preferably compared
with the hidden markov model profiles (HMM profiles) of the
pfam database in accordance with the procedures taught in
WO02004/064537 or W02004/064987, incorporated herein
by reference.

Preferably the lipid acyl transferase enzyme can be aligned
using the Pfam00657 consensus sequence (for a full expla-
nation see WO2004/064537 or WO2004/064987).

Preferably, a positive match with the hidden markov model
profile (HMM profile) of the ptam00657 domain family indi-
cates the presence of the GDSL or GDSX domain according
to the present invention.

Preferably when aligned with the Pfam00657 consensus
sequence the lipid acyltransferase for use in the methods or
uses of the invention may have at least one, preferably more
than one, preferably more than two, of the following, a GDSx
block, a GANDY block, a HPT block. Suitably, the lipid
acyltransferase may have a GDSx block and a GANDY block.
Alternatively, the enzyme may have a GDSx block and a HPT
block. Preferably the enzyme comprises at least a GDSx
block. See W02004/064537 or WO2004/064987 for further
details.

Preferably, residues of the GANDY motifare selected from
GANDY, GGNDA, GGNDL, most preferably GANDY.

Preferably, when aligned with the Pfam00657 consensus
sequence the enzyme for use in the methods or uses of the
invention have at least one, preferably more than one, prefer-
ably more than two, preferably more than three, preferably
more than four, preferably more than five, preferably more
than six, preferably more than seven, preferably more than
eight, preferably more than nine, preferably more than ten,
preferably more than eleven, preferably more than twelve,
preferably more than thirteen, preferably more than fourteen,
of the following amino acid residues when compared to the
reference 4. hydrophilia polypeptide sequence, namely SEQ
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ID No. 1: 28hid, 29hid, 30hid, 31hid, 32gly, 33 Asp, 34Ser,
35hid, 130hid, 131Gly, 132Hid, 133Asn, 134Asp, 135hid,
309His.

The pfam00657 GDSX domain is a unique identifier which
distinguishes proteins possessing this domain from other
enzymes.

The pfam00657 consensus sequence is presented in FIG. 3
as SEQ ID No. 2. This is derived from the identification of the
pfam family 00657, database version 6, which may also be
referred to as pfam00657.6 herein.

The consensus sequence may be updated by using further
releases of the pfam database (for example see W0O2004/
064537 or W0O2004/064987).

In one embodiment, the lipid acyl transferase enzyme for
use in any one of the methods and/or uses of the present
invention is a lipid acyltransferase that may be characterised
using the following criteria:

(1) the enzyme possesses acyl transferase activity which
may be defined as ester transfer activity whereby the
acyl part of an original ester bond of a lipid acyl donor is
transferred to acyl acceptor to form a new ester;

(ii) the enzyme comprises the amino acid sequence motif
GDSX, wherein X is one or more of the following amino
acid residues L, A, V, L F, Y, H, Q, T, N, M or S;

(iii) the enzyme comprises His-309 or comprises a histi-
dine residue at a position corresponding to His-309 in
the Aeromonas hydrophila lipid acyltransferase enzyme
shown in FIGS. 2 and 4 (SEQ ID No. 1 or SEQ ID No. 3).

Preferably, the amino acid residue of the GDSX motifis L.

In SEQ ID No. 3 or SEQ ID No. 1 the first 18 amino acid
residues form a signal sequence. His-309 of the full length
sequence, that is the protein including the signal sequence,
equates to His-291 of the mature part of the protein, i.e. the
sequence without the signal sequence.

In one embodiment, the lipid acyl transferase enzyme for
use any one of the methods and uses of the present invention
is a lipid acyltransferase that comprises the following cata-
Iytic triad: Ser-34, Asp-306 and His-309 or comprises a serine
residue, an aspartic acid residue and a histidine residue,
respectively, at positions corresponding to Ser-34, Asp-306
and His-309 in the Aeromonas hydrophila lipid acyl trans-
ferase enzyme shown in FIG. 4 (SEQ ID No. 3) or FIG. 2
(SEQ ID No. 1). As stated above, in the sequence shown in
SEQID No. 3 or SEQ ID No. 1 the first 18 amino acid residues
form a signal sequence. Ser-34, Asp-306 and His-309 of the
full length sequence, that is the protein including the signal
sequence, equate to Ser-16, Asp-288 and His-291 of the
mature part of the protein, i.e. the sequence without the signal
sequence. In the pfam00657 consensus sequence, as given in
FIG. 3 (SEQ ID No. 2) the active site residues correspond to
Ser-7, Asp-345 and His-348.

In one embodiment, the lipid acyl transferase enzyme for
use any one of the methods and/or uses of the present inven-
tion is a lipid acyltransferase that may be characterised using
the following criteria:

the enzyme possesses acyl transferase activity which may
be defined as ester transfer activity whereby the acyl part
of an original ester bond of a first lipid acyl donor is
transferred to an acyl acceptor to form a new ester; and

the enzyme comprises at least Gly-32, Asp-33, Ser-34,
Asp-134 and His-309 or comprises glycine, aspartic
acid, serine, aspartic acid and histidine residues at posi-
tions corresponding to Gly-32, Asp-33, Ser-34, Asp-306
and His-309, respectively, in the Aeromonas hydrophila
lipid acyltransferase enzyme shown in SEQ ID No. 3 or
SEQ ID No. 1.
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Suitably, the lipid acyltransferase enzyme for use in any
one of the methods and/or uses of the present invention may
be encoded by one of the following nucleotide sequences:
(a) the nucleotide sequence shown as SEQ ID No. 36 (see
FIG. 29),

(b) the nucleotide sequence shown as SEQ ID No. 38 (see

FIG. 31);

(c) the nucleotide sequence shown as SEQ ID No. 39 (see
FIG. 32),

(d) the nucleotide sequence shown as SEQ ID No. 42 (see
FIG. 35),

(e) the nucleotide sequence shown as SEQ ID No. 44 (see
FIG. 37);

(f) the nucleotide sequence shown as SEQ ID No. 46 (see
FIG. 39),

(g) the nucleotide sequence shown as SEQ ID No. 48 (see
FIG. 41);

(h) the nucleotide sequence shown as SEQ ID No. 49 (see
FIG. 57),

(1) the nucleotide sequence shown as SEQ ID No. 50 (see FI1G.
58);

(j))the nucleotide sequence shown as SEQ ID No. 51 (see FIG.
59);

(k) the nucleotide sequence shown as SEQ ID No. 52 (see

FIG. 60);,

(1) the nucleotide sequence shown as SEQ ID No. 53 (see FIG.

61);

(m) the nucleotide sequence shown as SEQ ID No. 54 (see

FIG. 62),

(n) the nucleotide sequence shown as SEQ ID No. 55 (see

FIG. 63);

(0) the nucleotide sequence shown as SEQ ID No. 56 (see

FIG. 64),

(p) the nucleotide sequence shown as SEQ ID No. 57 (see

FIG. 65),

(q) the nucleotide sequence shown as SEQ ID No. 58 (see

FIG. 66);

(r) the nucleotide sequence shown as SEQ ID No. 59 (see

FIG. 67),

(s) the nucleotide sequence shown as SEQ ID No. 60 (see

FIG. 68),

(t) the nucleotide sequence shown as SEQ ID No. 61 (see FIG.

69);

(u) the nucleotide sequence shown as SEQ ID No. 62 (see

FIG. 70),

(v) the nucleotide sequence shown as SEQ ID No. 63 (see

FIG. 71);

(w) or

a nucleotide sequence which has 70% or more, preferably

75% or more, identity with any one ofthe sequences shown as

SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 39, SEQ ID No.

42, SEQ ID No. 44, SEQ ID No. 46, SEQ ID No. 48, SEQ ID

No.49, SEQID No. 50, SEQID No. 51, SEQ ID No. 52, SEQ

ID No. 53, SEQ ID No. 54, SEQ ID No. 55, SEQ ID No. 56,

SEQ ID No. 57, SEQ ID No. 58, SEQ ID No. 59, SEQ ID No.

60, SEQ ID No. 61, SEQ ID No. 62 or SEQ ID No. 63.
Suitably the nucleotide sequence may have 80% or more,

preferably 85% or more, more preferably 90% or more and

even more preferably 95% or more identity with any one of

the sequences shown as SEQ ID No. 36, SEQ ID No. 38, SEQ

ID No. 39, SEQ ID No. 42, SEQ ID No. 44, SEQ ID No. 46,

SEQ ID No. 48, SEQ ID No. 49, SEQ ID No. 50, SEQ ID No.

51, SEQID No. 52, SEQ ID No. 53, SEQ ID No. 54, SEQ ID

No. 55, SEQID No. 56, SEQID No. 57, SEQ ID No. 58, SEQ

ID No. 59, SEQ ID No. 60, SEQ ID No. 61, SEQ ID No. 62

or SEQ ID No. 63.
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In one embodiment, the nucleotide sequence encoding a
lipid acyltransferase enzyme for use any one of the methods
and uses of the present invention is a nucleotide sequence
which has 70% or more, preferably 75% or more, identity
with any one of the sequences shown as: SEQ ID No. 49, SEQ
1D No. 50, SEQ ID No. 51, SEQ ID No. 62, and SEQ ID No.
63. Suitably the nucleotide sequence may have 80% or more,
preferably 85% or more, more preferably 90% or more and
even more preferably 95% or more identity with any one of
the sequences shown as: SEQ ID No. 49, SEQID No. 50, SEQ
ID No. 51, SEQ ID No. 62, and SEQ ID No. 63.

In one embodiment, the nucleotide sequence encoding a
lipid acyltransferase enzyme for use in any one of the meth-
ods and uses of the present invention is a nucleotide sequence
which has 70% or more, 75% or more, 80% or more, prefer-
ably 85% or more, more preferably 90% or more and even
more preferably 95% or more identity the sequence shown as
SEQ ID No. 49.

Suitably, the lipid acyl transferase enzyme for use any one
of the methods and/or uses of the present invention may be a
lipid acyltranstferase that comprises one or more of the fol-
lowing amino acid sequences:

(1) the amino acid sequence shown as SEQ ID No. 68

(i1) the amino acid sequence shown as SEQ ID No. 3

(iii) the amino acid sequence shown as SEQ ID No. 4

(iv) the amino acid sequence shown as SEQ ID No. 5

(v) the amino acid sequence shown as SEQ ID No. 6

(vi) the amino acid sequence shown as SEQ ID No. 7

(vii) the amino acid sequence shown as SEQ ID No. 8

(viii) the amino acid sequence shown as SEQ ID No. 9

(ix) the amino acid sequence shown as SEQ ID No. 10

(x) the amino acid sequence shown as SEQ ID No. 11

(xi) the amino acid sequence shown as SEQ ID No. 12

(xii) the amino acid sequence shown as SEQ ID No. 13
(xiii) the amino acid sequence shown as SEQ ID No. 14
(xiv) the amino acid sequence shown as SEQ ID No. 1

(xv) the amino acid sequence shown as SEQ ID No. 15
(xvi) the amino acid sequence shown as SEQ ID No. 16
(xvii) the amino acid sequence shown as SEQ ID No. 17
(xviii) the amino acid sequence shown as SEQ ID No. 18
(xix) the amino acid sequence shown as SEQ ID No. 34
(xx) the amino acid sequence shown as SEQ ID No. 35 or
an amino acid sequence which has 75%, 80%, 85%, 90%,
95%, 98% or more identity with any one of the sequences
shown as SEQ ID No. 68, SEQ ID No. 1, SEQ ID No. 3, SEQ
ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ
IDNo.8,SEQID No.9,SEQID No. 10, SEQID No. 11, SEQ
IDNo. 12, SEQID No. 13, SEQ ID No. 14 or SEQID No. 15,
SEQID No. 16, SEQ ID No. 17, SEQ ID No. 18, SEQ ID No.
34 or SEQ ID No. 35.

Suitably, the lipid acyl transferase enzyme for use any one
of the methods and uses of the present invention may be a
lipid acyltransferase that comprises either the amino acid
sequence shown as SEQ ID No. 68, or as SEQ ID No. 3 or as
SEQ ID No. 4 or SEQID No. 1 or SEQ ID No. 15 or SEQ ID
No. 16, or SEQ ID No. 34 or SEQ ID No. 35 or comprises an
amino acid sequence which has 75% or more, preferably 80%
or more, preferably 85% or more, preferably 90% or more,
preferably 95% or more, identity with the amino acid
sequence shown as SEQ ID No. 68 or the amino acid
sequence shown as SEQ ID No. 3 or the amino acid sequence
shown as SEQ ID No. 4 or the amino acid sequence shown as
SEQ ID No. 1 or the amino acid sequence shown as SEQ ID
No. 15 or the amino acid sequence shown as SEQ ID No. 16
or the amino acid sequence shown as SEQ ID No. 34 or the
amino acid sequence shown as SEQ ID No. 35.
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Suitably the lipid acyl transferase enzyme for use any one
of the methods and/or uses of the present invention may be a
lipid acyltransferase that comprises an amino acid sequence
which has 80% or more, preferably 85% or more, more pref-
erably 90% or more and even more preferably 95% or more
identity with any one of the sequences shown as SEQ ID No.
68, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No.
6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No.
10, SEQID No. 11, SEQID No. 12, SEQ ID No. 13, SEQ ID
No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 16, SEQ
ID No. 17, SEQID No. 18, SEQ ID No. 34 or SEQID No. 35.

Suitably, the lipid acyltransferase enzyme for use any one
of the methods and/or uses of the present invention may be a
lipid acyltranstferase that comprises one or more of the fol-
lowing amino acid sequences:

(a) an amino acid sequence shown as amino acid residues

1-100 of SEQ ID No. 3 or SEQ ID No. 1;

(b) an amino acid sequence shown as amino acids residues

101-200 of SEQ ID No. 3 or SEQ ID No. 1;

(c) an amino acid sequence shown as amino acid residues

201-300 of SEQ ID No. 3 or SEQ ID No. 1; or
(d) an amino acid sequence which has 75% or more, prefer-

ably 85% or more, more preferably 90% or more, even

more preferably 95% or more identity to any one of the
amino acid sequences defined in (a)-(c) above.

Suitably, the lipid acyl transferase enzyme for use in meth-
ods and uses of the present invention may comprise one or
more of the following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues

28-39 of SEQ ID No. 3 or SEQ ID No. 1;

(b) an amino acid sequence shown as amino acids residues

77-88 of SEQ ID No. 3 or SEQ ID No. 1;

(c) an amino acid sequence shown as amino acid residues

126-136 of SEQ ID No. 3 or SEQ ID No. 1;

(d) an amino acid sequence shown as amino acid residues

163-175 of SEQ ID No. 3 or SEQ ID No. 1;

(e) an amino acid sequence shown as amino acid residues

304-311 of SEQ ID No. 3 or SEQ ID No. 1; or
(f) an amino acid sequence which has 75% or more, prefer-

ably 85% or more, more preferably 90% or more, even

more preferably 95% or more identity to any one of the
amino acid sequences defined in (a)-(e) above.

In one aspect, the lipid acyl transferase enzyme for use any
one of the methods and/or uses of the present invention is a
lipid acyltransferase that may be the lipid acyl transferase
from Candida parapsilosis as taught in EP 1 275711. Thus in
one aspect the lipid acyl transterase for use in the method and
uses of the present invention may be a lipid acyl transferase
comprising one of the amino acid sequences taught in SEQ ID
No. 17 or SEQ ID No. 18.

Much by preference, the lipid acyl transferase enzyme for
use in any one of the methods and uses of the present inven-
tion is a lipid acyltransferase that may be a lipid acyl trans-
ferase comprising the amino acid sequence shown as SEQ ID
No. 16, or an amino acid sequence which has 75% or more,
preferably 85% or more, more preferably 90% or more, even
more preferably 95% or more, even more preferably 98% or
more, or even more preferably 99% or more identity to SEQ
ID No. 16. This enzyme could be considered a variant
enzyme.

In one aspect, the lipid acyltransferase enzyme for use any
one of the methods and/or uses of the present invention is a
lipid acyltransferase that may be a lecithin:cholesterol acyl-
transferase (LCAT) or variant thereof (for example a variant
made by molecular evolution)

Suitable LCATSs are known in the art and may be obtainable
from one or more of the following organisms for example:



US 9,228,211 B2

27

mammals, rat, mice, chickens, Drosophila melanogaster,
plants, including Arabidopsis and Oryza sativa, nematodes,
fungi and yeast.

In one embodiment the lipid acyltransferase enzyme for
use any one of the methods and/or uses of the present inven-
tion is a lipid acyltransferase that may be the lipid acyltrans-
ferase obtainable, preferably obtained, from the E. coli strains
TOP 10 harbouring pPetl2aAhydro and pPetl2aASalmo
deposited by Danisco A/S of Langebrogade 1, DK-1001
Copenhagen K, Denmark under the Budapest Treaty on the
International Recognition of the Deposit of Microorganisms
for the purposes of Patent Procedure at the National Collec-
tion of Industrial, Marine and Food Bacteria (NCIMB) 23 St.
Machar Street, Aberdeen Scotland, GB on 22 Dec. 2003
under accession numbers NCIMB 41204 and NCIMB 41205,
respectively.

A lipid acyltransferase enzyme for use in any one of the
methods and/or uses of the present invention may be a phos-
pholipid glycerol acyl transferase. Phospholipid glycerol acyl
transferases include those isolated from Aeromonas spp.,
preferably Aeromonas hydrophila or A. salmonicida, most
preferably A. salmonicida or variants thereof.

Most preferred lipid acyl transferases for use in the present
invention are encoded by SEQ ID No.s 1, 3, 4, 15, 16,34 and
35. It will be recognised by the skilled person that it is pref-
erable that the signal peptides of the acyl transferase has been
cleaved during expression of the transferase. The signal pep-
tide of SEQ ID No.s 1, 3, 4, 15 and 16 are amino acids 1-18.
Therefore the most preferred regions are amino acids 19-335
for SEQ ID No. 1 and SEQ ID No. 3 (4. hydrophilia) and
amino acids 19-336 for SEQ ID No. 4, SEQ ID No. 15 and
SEQ ID No. 16. (4. salmonicida). When used to determine
the homology of identity of the amino acid sequences, it is
preferred that the alignments as herein described use the
mature sequence.

In one embodiment, suitably the lipid acyl transferase for
use in the present invention comprises (or consists of) the
amino acid sequence shown in SEQ ID No. 16 or comprises
(or consists of) an amino acid sequence which has at least
70%, at least 75%, at least 85%, at least 90%, at least 95%, at
least 98% identity to SEQ ID No. 16.

In one embodiment, suitably the lipid acyl transferase for
use in the present invention is encoded by a nucleotide
sequence encoding the amino acid sequence comprising (or
consisting of) the amino acid sequence shown in SEQ ID No.
68 or comprises (or consists of) an amino acid sequence
which has at least 70%, at least 75%, at least 85%, at least
90%, at least 95%, at least 98% identity to SEQ ID No. 68.

Therefore the most preferred regions for determining
homology (identity) are amino acids 19-335 for SEQ ID No.
1 and 3 (4. hydrophilia) and amino acids 19-336 for SEQ ID
No.s 4, 15 and 16 (4. salmonicida). SEQ ID No.s 34 and 35
are mature protein sequences of a lipid acyl transferase from
A. hydrophilia and A. salmonicida respectively which may or
may not undergo further post-translational modification.

A lipid acyltransferase enzyme for use any one of the
methods and uses of the present invention may be a lipid
acyltransferase that may also be isolated from Thermobifida,
preferably 7. fisca, most preferably that encoded by SEQ ID
No. 28.

Suitable lipid acyltransferases for use in accordance with
the present invention and/or in the methods of the present
invention may comprise any one of the following amino acid
sequences and/or be encoded by the following nucleotide
sequences:
a)anucleic acid which encodes a polypeptide exhibiting lipid
acyltransferase activity and is at least 70% identical (prefer-
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ably at least 80%, more preferably at least 90% identical) with
the polypeptide sequence shown in SEQ ID No. 16 or with the
polypeptide shown in SEQ ID no. 68;

b) a (isolated) polypeptide comprising (or consisting of) an
amino acid sequence as shown in SEQ ID No. 16 or SEQ ID
No. 68 or an amino acid sequence which is at least 70%
identical (preferably at least 80% identical, more preferably
atleast 90% identical) with SEQ ID No. 16 or SEQ ID No. 68;
¢) a nucleic acid encoding a lipid acyltransferase, which
nucleic acid comprises (or consists of) a nucleotide sequence
shown as SEQ ID No. 49 or a nucleotide sequence which is at
least 70% identical (preferably at least 80%, more preferably
at least 90% identical) with the nucleotide sequence shown as
SEQ ID No. 49;

d) a nucleic acid which hybridises under medium or high
stringency conditions to a nucleic acid probe comprising the
nucleotide sequence shown as SEQ ID No. 49 and encodes for
a polypeptide exhibiting lipid acyltransferase activity;

e) a nucleic acid which is a fragment of the nucleic acid
sequences specified in a), ¢) or d); or

) apolypeptide which is a fragment of the polypeptide speci-
fied in b).

A lipid acyltransferase enzyme for use any one of the
methods and uses of the present invention may be a lipid
acyltransferase that may also be isolated from Streptomyces,
preferable S. avermitis, most preferably that encoded by SEQ
ID No. 32. Other possible enzymes for use in the present
invention from Streptomyces include those encoded by SEQ
IDNos 5, 6,9,10, 11, 12,13, 14, 31, and 33.

An enzyme for use in the invention may also be isolated
from Corynebacterium, preferably C. efficiens, most prefer-
ably that encoded by SEQ ID No. 29.

Suitably, the lipid acyltransferase enzyme for use any one
of the methods and/or uses of the present invention may be a
lipid acyltransferase that comprises any one of the amino acid
sequences shown as SEQ ID No.s 37,38, 40, 41,43, 45, or 47
oran amino acid sequence which has at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97% or 98% identity therewith, or may
be encoded by any one of the nucleotide sequences shown as
SEQIDNo.s36,39,42, 44,46, or 48 or anucleotide sequence
which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97% or 98% identity therewith.

In one embodiment, the nucleotide sequence encoding a
lipid acyltransferase enzyme for use any one of the methods
and/or uses of the present invention is selected from the group
consisting of:

a) a nucleic acid comprising a nucleotide sequence shown

in SEQ ID No. 36;

b) anucleic acid which is related to the nucleotide sequence
of SEQ ID No. by the degeneration of the genetic code;
and

¢) a nucleic acid comprising a nucleotide sequence which
has at least 70% identity with the nucleotide sequence
shown in SEQ ID No. 36.

In one embodiment, the lipid acyltransferase enzyme for
use any one of the methods and/or uses of the present inven-
tion is a lipid acyltransferase that comprises an amino acid
sequence as shown in SEQ ID No. 37 or an amino acid
sequence which has at least 60% identity thereto.

In a further embodiment the lipid acyltransferase enzyme
for use any one of the methods and/or uses of the present
invention may be a lipid acyltransferase comprising any one
of'the amino acid sequences shown as SEQ ID No. 37,38, 40,
41, 43,45 or 47 or an amino acid sequence which has at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity
therewith, or may be encoded by any one of the nucleotide
sequences shown as SEQ ID No. 39, 42, 44, 46 or 48 or a
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nucleotide sequence which has at least 70%, 75%, 80%, 85%,
90%, 95%., 96%, 97% or 98% identity therewith.

In a further embodiment the lipid acyltransferase enzyme
for use any one of the methods and/or uses of the present
invention may be a lipid acyltransferase comprising any one
of amino sequences shown as SEQ ID No. 38, 40,41,45 or47
oran amino acid sequence which has at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97% or 98% identity therewith for the
uses described herein.

In a further embodiment the lipid acyltransferase for use in
any one of the methods and/or uses of the present invention
may be a lipid acyltransferase comprising any one of amino
sequences shown as SEQ ID No. 38, 40, or 47 or an amino
acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith for the uses
described herein.

More preferably in one embodiment the lipid acyltrans-
ferase for use in any one of the methods and/or uses of the
present invention may be a lipid acyltransferase comprising
the amino acid sequence shown as SEQ ID No. 47 or an amino
acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith.

In another embodiment the lipid acyltransferase for use in
any one of the methods and uses of the present invention may
be alipid acyltransferase comprising the amino acid sequence
shown as SEQ ID No. 43 or 44 or an amino acid sequence
which has at least 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith.

In another embodiment the lipid acyltransferase for use in
any one of the methods and uses of the present invention may
be alipid acyltransferase comprising the amino acid sequence
shown as SEQ ID No. 41 or an amino acid sequence which
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or
98% identity therewith.

In one embodiment the lipid acyltransferase for use in any
one of the methods and uses of the present invention may be
encoded by a nucleic acid selected from the group consisting
of:

a) a nucleic acid comprising a nucleotide sequence shown

in SEQ ID No. 36;

b) a nucleic acid which is related to the nucleotide sequence
of SEQ ID No. 36 by the degeneration of the genetic
code; and

¢) a nucleic acid comprising a nucleotide sequence which
has at least 70% identity with the nucleotide sequence
shown in SEQ ID No. 36.

In one embodiment the lipid acyltransferase according to
the present invention may be a lipid acyltransferase obtain-
able, preferably obtained, from the Strepromyces strains .130
or 131 deposited by Danisco A/S of Langebrogade 1,
DK-1001 Copenhagen K, Denmark under the Budapest
Treaty on the International Recognition of the Deposit of
Microorganisms for the purposes of Patent Procedure at the
National Collection of Industrial, Marine and Food Bacteria
(NCIMB) 23 St. Machar Street, Aberdeen Scotland, GB on 25
Jun. 2004 under accession numbers NCIMB 41226 and
NCIMB 41227, respectively.

Suitable nucleotide sequences encoding a lipid acyltrans-
ferase for use in any one of the methods and/or uses of the
present invention may encode a polynucleotide encoding a
lipid acyltransferase (SEQ ID No. 16 or SEQ ID No. 68); or
may encode an amino acid sequence of a lipid acyltransferase
(SEQ ID No. 16 or SEQ ID No. 68).

A suitable lipid acyltransferases for use in any one of the
methods and/or uses of the present invention may be an amino
acid sequence which may be identified by alignment to the
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L131 (SEQID No.37) sequence using Align X, the Clustal W
pairwise alignment algorithm of VectorNTI using default set-
tings.

An alignment of the [.131 and homologues from S. aver-
mitilis and 1. fusca illustrates that the conservation of the
GDSx motif (GDSY in LL131 and S. avermitilis and T. fusca),
the GANDY box, which is either GGNDA or GGNDL, and
the HPT block (considered to be the conserved catalytic his-
tidine). These three conserved blocks are highlighted in FIG.
42.

When aligned to either the pfam Pfam00657 consensus
sequence (as described in WO04/064987) and/or the [.131
sequence herein disclosed (SEQ ID No 37) it is possible to
identify three conserved regions, the GDSx block, the
GANDY block and the HTP block (see WO04/064987 for
further details).

When aligned to either the pfam Pfam00657 consensus
sequence (as described in WO04/064987) and/or the [.131
sequence herein disclosed (SEQ ID No 37)

1) The lipid acyltransferase for use in any one of the methods
and uses of the present invention may be a lipid acyltrans-
ferase that has a GDSx motif, more preferably a GDSx
motif selected from GDSL or GDSY motif.

and/or

i1) The lipid acyltransferase for use in any one of the methods
and uses of the present invention may be a lipid acyltrans-
ferase that, has a GANDY block, more preferably a
GANDY block comprising amino GGNDx, more prefer-
ably GGNDA or GGNDL.

and/or

iii) The lipid acyltransferase for use in any one of the methods
and uses of the present invention may be a lipid acyltrans-
ferase that has preferably an HTP block.

and preferably

iv) the lipid acyltransferase for use in any one of the methods
and uses of the present invention may be a lipid acyltrans-
ferase that has preferably a GDSx or GDSY motif, and a
GANDY block comprising amino GGNDx, preferably
GGNDA or GGNDL, and a HIP block (conserved histi-
dine).

In one embodiment the enzyme according to the present
invention may be preferably not a phospholipase enzyme,
such as a phospholipase Al classified as E.C. 3.1.1.32 or a
phospholipase A2 classified as E.C. 3.1.1.4.

Variant Lipid Acyl Transferase
In a preferred embodiment the nucleotide sequence encod-

ing a lipid acyltransferase for use in any one of the methods

and/or uses of the present invention may encode a lipid acyl-
transferase that is a variant lipid acyl transferase.

Variants which have an increased activity on phospholip-
ids, such as increased hydrolytic activity and/or increased
transferase activity, preferably increased transferase activity
on phospholipids may be used.

Preferably the variant lipid acyltransferase is prepared by
one or more amino acid modifications of the lipid acyl trans-
ferases as defined hereinabove.

Suitably, the lipid acyltransferase for use in any one of the
methods and uses of the present invention may be a lipid
acyltransferase that may be a variant lipid acyltransferase, in
which case the enzyme may be characterised in that the
enzyme comprises the amino acid sequence motif GDSX,
wherein X is one or more of the following amino acid residues
L,AJVVLEY H, Q, T, N, Mor S, and wherein the variant
enzyme comprises one or more amino acid modifications
compared with a parent sequence at any one or more of the
amino acid residues defined in set 2 or set 4 or set 6 or set 7 (as
defined W02005/066347 and hereinbelow).
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For instance the variant lipid acyltransferase may be char-
acterised in that the enzyme comprises the amino acid
sequence motif GDSX, wherein X is one or more of the
following amino acid residues L, A, V, LF,Y, H, Q, T, N, M
or S, and wherein the variant enzyme comprises one or more
amino acid modifications compared with a parent sequence at
any one or more of the amino acid residues detailed in set 2 or
set 4 or set 6 or set 7 (as defined in W0O2005/066347 and
hereinbelow) identified by said parent sequence being struc-
turally aligned with the structural model of P10480 defined
herein, which is preferably obtained by structural alignment
ot P10480 crystal structure coordinates with 1IVN.PDB and/
or IDEO.PDB as defined WO2005/066347 and hereinbelow.

In a further embodiment a lipid acyltransferase for use in
any one of the methods and/or uses of the present invention
may be a variant lipid acyltransferase that may be character-
ised in that the enzyme comprises the amino acid sequence
motif GDSX, wherein X is one or more of the following
amino acid residues L, A, V, L F,Y, H, Q, T, N, M or S, and
wherein the variant enzyme comprises one or more amino
acid modifications compared with a parent sequence at any
one or more of the amino acid residues taught in set 2 iden-
tified when said parent sequence is aligned to the pfam con-
sensus sequence (SEQ ID No. 2—FIG. 3) and modified
according to a structural model of P10480 to ensure best fit
overlap as defined W0O2005/066347 and hereinbelow.

Suitably a lipid acyltransferase for use in any one of the
methods and uses of the present invention may be a variant
lipid acyltransferase enzyme that may comprise an amino
acid sequence, which amino acid sequence is shown as SEQ
ID No. 68, SEQ ID No. 16, SEQ ID No. 34, SEQ ID No. 3,
SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7,
SEQIDNo.8,SEQIDNo.9,SEQID No. 10, SEQID No. 11,
SEQID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No.
1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID
No.27,SEQID No. 28, SEQ ID No. 29, SEQ ID No. 30, SEQ
1D No. 32, SEQ ID No. 33 or SEQ ID No. 35 except for one
or more amino acid modifications at any one or more of the
amino acid residues defined in set 2 orset 4 or set 6 or set 7 (as
defined W02005/066347 and hereinbelow) identified by
sequence alignment with SEQ ID No. 34.

Alternatively the lipid acyltransferase may be a variant
lipid acyltransferase enzyme comprising an amino acid
sequence, which amino acid sequence is shown as SEQ ID
No.34,SEQID No. 3, SEQID No. 4,SEQID No. 5, SEQ ID
No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
No.10,SEQID No. 11,SEQID No. 12, SEQID No. 13, SEQ
ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25,
SEQID No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No.
29, SEQ ID No. 30, SEQ ID No. 16, SEQ ID No. 68, SEQ ID
No. 32, SEQ ID No. 33 or SEQ ID No. 35 except for one or
more amino acid modifications at any one or more of the
amino acid residues defined in set 2 or set4 or set 6 orset 7 as
defined WO2005/066347 and hereinbelow, identified by said
parent sequence being structurally aligned with the structural
model of P10480 defined herein, which is preferably obtained
by structural alignment of P10480 crystal structure coordi-
nates with 1IVN.PDB and/or 1DEO.PDB as taught within
W02005/066347 and hereinbelow.

Alternatively, the lipid acyltransferase may be a variant
lipid acyltransferase enzyme comprising an amino acid
sequence, which amino acid sequence is shown as SEQ ID
No.34,SEQID No. 3, SEQID No. 4,SEQID No. 5, SEQ ID
No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
No.10,SEQID No. 11,SEQID No. 12, SEQID No. 13, SEQ
ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25,
SEQID No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No.
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29, SEQID No. 30, SEQ ID No. 32, SEQ ID No. 33, SEQ ID
No. 16, SEQ ID No. 68 or SEQ ID No. 35 except for one or
more amino acid modifications at any one or more of the
amino acid residues taught in set 2 identified when said parent
sequence is aligned to the pfam consensus sequence (SEQ ID
No. 2) and modified according to a structural model of
P10480 to ensure best fit overlap as taught within WO2005/
066347 and hereinbelow.

Preferably, the parent enzyme is an enzyme which com-
prises, or is homologous to, the amino acid sequence shown
as SEQ ID No. 34 and/or SEQ ID No. 15 and/or SEQ ID No.
35.

Preferably, the lipid acyltransferase may be a variant
enzyme which comprises an amino acid sequence, which
amino acid sequence is shown as SEQ ID No. 34 or SEQ ID
No. 35 except for one or more amino acid modifications at any
one or more of the amino acid residues defined in set 2 or set
4 or set 6 or set 7 as defined in WO2005/066347 and herein-
below.

DEFINITION OF SETS

Amino Acid Set 1:

Amino acid set 1 (note that these are amino acids in
1IVN—FIG. 53 and FIG. 54) Gly8, Asp9, Serl0, Leull,
Serl2, Tyrl5, Gly44, Asp45, Thrd6, Glu69, Leu70, Gly71,
Gly72, Asn73, Asp74, Gly75, Leu76, GInl06, Ilel07,
Argl08, Leul09, Pro110, Tyr113, Phel21, Phe139, Phe140,
Metl141, Tyr145, Met151, Asp154, His157, Gly155, Ile156,
Pro158

The highly conserved motifs, such as GDSx and catalytic
residues, were deselected from set 1 (residues underlined).
For the avoidance of doubt, set 1 defines the amino acid
residues within 10 A of the central carbon atom of a glycerol
in the active site of the 1IVN model.

Amino Acid Set 2:

Amino acid set 2 (note that the numbering of the amino

acids refers to the amino acids in the P10480 mature
sequence)
Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn87,
Asn88, Trplll, Valll2, Alal14, Tyr117, Leull8, Prol56,
Gly159, GIn160, Asn161; Prol62, Ser163, Alal64, Argl65,
Ser166, GInl67, Lys168, Vall69, Vall70, Glul71, Alal72,
Tyr179, His180, Asn181, Met209, Leu210, Arg211, Asn215,
Lys284, Met285, GIn289 and Val290.

Table of selected residues in Set 1 compared with Set 2:

IVN model P10480

A. hvd homologue Mature sequence Residue

IVN PFAM Structure Number

Gly8 Gly32

Asp9 Asp33

Serl0 Ser34

Leull Leu35s Leul7

Serl2 Ser36 Serl8
Lys22
Met23

Tyrl5 Gly58 Gly40

Gly44 Asn98 Asng80

Asp45 Pro99 Pro81

Thr46 Lys100 Lys82
Asn87
Asn88

Glu69 Trp129 Trplll

Leu70 Vall30 Valll2
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-continued

Table of selected residues in Set 1 compared with Set 2:

IVN model P10480

A. hyd homologue Mature sequence Residue

IVN PFAM Structure Number
Gly71 Glyl131
Gly72 Alal32 Alall4
Asn73 Asnl33
Asp74 Aspl34
Gly75 Tyrl35s Tyrll7
Leu76 Leul36 Leull®
Gln106 Prol74 Prol56
Ile107 Gly177 Gly159
Argl08 GIn178 Gln160
Leul09 Asnl79 Asnl6l
Prol10 180 to 190 Prol62
Tyrl13 Serl63
Alalée4
Arglés
Serl66
Glnl67
Lys168
Vall69
Vall70
Glul71
Alal72
Phel21 His198 Tyrl97 Tyrl79
His198 His180
Asnl99 Asnl81
Phel39 Met227 Met209
Phel40 Leu228 Leu210
Metl141 Arg229 Arg211
Tyrl45 Asn233 Asn215
Lys284
Metl51 Met303 Met285
Aspl54 Asp306
Gly155 Gln307 Gln289
Ile156 Val308 Val290
His157 His309
Pro158 Pro310
Amino Acid Set 3:

Amino acid set 3 is identical to set 2 but refers to the
Aeromonas salmonicida (SEQ 1D No. 4) coding sequence,
i.e. the amino acid residue numbers are 18 higher in set 3 as
this reflects the difference between the amino acid numbering
in the mature protein (SEQ ID No. 34) compared with the
protein including a signal sequence (SEQ ID No. 25).

The mature proteins of Aeromonas salmonicida GDSX
(SEQ ID No. 4) and Aeromonas hydrophila GDSX (SEQ ID
No. 34) differ in five amino acids. These are Thr3Ser,
Glnl182Lys, Glu309Ala, Ser310Asn, and Gly318-, where the
salmonicida residue is listed first and the hydrophila residue
is listed last. The Ahydrophila protein is only 317 amino acids
long and lacks a residue in position 318. The Aeromonas
salmonicida GDSX has considerably high activity on polar
lipids such as galactolipid substrates than the Aeromonas
hydrophila protein. Site scanning was performed on all five
amino acid positions.

Amino Acid Set 4:

Amino acid set 4 is S3, Q182, E309, S310, and -318.
Amino Acid Set 5:

F13S, D15N, S18G, S18V, Y30F, D116N, D116E, D157
N, Y226F, D228N Y230F.

Amino Acid Set 6:

Amino acid set 6 is Ser3, Leul7, Lys22, Met23, Gly40,
Asn80, Pro81, Lys82, Asn 87, Asn88, Trplll, Valll2,
Alall4, Tyr117, Leul18, Prol156, Gly159, Gln160, Asn161,
Pro162, Ser163, Alal64, Argl65, Ser166, Gln167, Lys168,
Vall69, Vall70, Glul71, Ala172, Tyr179, His180, Asn181,
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GIn182, Met209, Leu210,Arg211, Asn215, Lys284, Met285,
GIn289, Val290, Glu309, Ser310, -318.

The numbering of the amino acids in set 6 refers to the
amino acids residues in P10480 (SEQ ID No. 25)—corre-
sponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural align-
ment to P10480 and/or 1IVN.

Amino Acid Set 7:

Amino acid set 7 is Ser3, Leul7, Lys22, Met23, Gly40,
Asn80, Pro81, Lys82, Asn 87, Asn88, Trplll, Valll2,
Alal14, Tyr117, Leul18, Pro156, Gly159, Gln160, Asn161,
Pro162, Ser163, Alal64, Argl65, Ser166, Gln167, Lys168,
Val169, Vall70, Glul71, Ala172, Tyr179, His180, Asn181,
GIn182, Met209, Leu210,Arg211, Asn215, Lys284, Met285,
GIn289, Val290, Glu309, Ser310, =318, Y30X (where X is
selected from A, C,D,E,G,H, LK, L, M, N, P, Q,R, S, T, V,
or W), Y226X (where X is selected from A, C, D, E, G, H, 1,
K,L,M,N,P,Q,R, S, T, V,or W), Y230X (where X is selected
fromA,C,D,E,G,H, LK, L, M,N,P,Q,R,S, T, V,or W),
S18X (where X is selected from A, C, D, E,F, H, , K, L, M,
N,PQ,R, T, WorY), D157X (where X is selected from A, C,
E,F G HILKLMPQR,STV,WorY).

The numbering of the amino acids in set 7 refers to the
amino acids residues in P10480 (SEQ ID No. 25)—corre-
sponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural align-
ment to P10480 and/or 1TVN).

Suitably, the variant enzyme comprises one or more of the
following amino acid modifications compared with the parent
enzyme:

S3E,A, G, KM, Y, R, PN, TorG
E309Q, R or A, preferably Q or R
-318Y, H, S orY, preferably Y.

Preferably, X of the GDSX motif'is L. Thus, preferably the
parent enzyme comprises the amino acid motif GDSL.

Suitably, said first parent lipid acyltransferase may com-
prise any one of the following amino acid sequences: SEQ ID
No.34,SEQID No. 3, SEQID No. 4,SEQID No. 5, SEQID
No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
No.10,SEQID No. 11, SEQID No. 12, SEQ ID No. 13, SEQ
1D No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25,
SEQID No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No.
29, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 33 or SEQ
1D No. 35.

Suitably, said second related lipid acyltransferase may
comprise any one of the following amino acid sequences:
SEQID No. 3, SEQ ID No. 34, SEQID No. 4, SEQ ID No. 5,
SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9,
SEQID No. 10, SEQID No. 11, SEQ ID No. 12, SEQ ID No.
13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID
No.25,SEQID No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ
1D No. 29, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 33
or SEQ ID No. 35.

The variant enzyme must comprise at least one amino acid
modification compared with the parent enzyme. In some
embodiments, the variant enzyme may comprise at least 2,
preferably at least 3, preferably at least 4, preferably at least 5,
preferably at least 6, preferably atleast 7, preferably at least 8,
preferably at least 9, preferably at least 10 amino acid modi-
fications compared with the parent enzyme.

When referring to specific amino acid residues herein the
numbering is that obtained from alignment of the variant
sequence with the reference sequence shown as SEQ ID No.
34 or SEQ ID No. 35.
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In one aspect preferably the variant enzyme comprises one
or more of the following amino acid substitutions:
S3A,C,D,E,FGH LK, L,M,N,P,Q,R, TV, W, orY;
and/or
L17A,C,D,E,F, G, H, LK, M, N,P,Q,R,S, T, V, W, orY;
and/or
S18A,C,D,E,FH,I,K,L, M, N, P,Q,R, T, W, orY; and/or
K22A,C,D,E,F,G,H,LL,M,N,P,Q,R,S, T, V, W, orY;
and/or
M23A,C,D,E,F, G, H,LK,L.N,P,Q,R,S, T, V, W, orY;
and/or
Y30A,C,D,E,G,H, LK, L, M, N, P, Q,R,S, T, V, or W,
and/or
G40A,C,D,E,.F H, LK, L, M,N,P,Q,R,S, T, V, W, orY;
and/or
N8OA,C,D,E,F,G,H, LK, L, M, P, Q,R, S, T, V, W, orY;
and/or
P8IA,C.,D,E.F, G, H,LK,L,M,N,Q,R, S, T, V, W, orY;
and/or
K8A,C,D,E,F,.G,H,LL,M,N,P,Q,R,S, T, V, W, orY;
and/or
N87A,C,D,E,F,G,H, LK, L,M, P, Q,R, S, T, V, W, orY;
and/or
N88A,C,D,E,F,G,H, LK, L,M,P, Q,R, S, T, V, W, orY;
and/or
WI111A,C,D,E,F,G,H, L K, L, M,N,P,Q,R,S, T.V, Wor
Y; and/or
V112A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, W, orY;
and/or
All4C,D,E,F,G,H. LK, L,M,N,P, Q,R,S, T, V, W, orY;
and/or
Y117A,C,D,E,F,G,H, LK, L, M, N, P, Q,R, S, T, V, or W;
and/or
L118A,C,D,E,F G, H, LK, M,N,P,Q,R, S, T, V, W, orY;
and/or
P156A,C,D,E,F,G, H,LK,L,M, N, Q,R, S, T, V, W, orY;
and/or
DIS7TA,C,E,FEGH LK, L, M,P,Q,R, S, T, V, W, orY;
and/or
GI59A,C,D,E,FH, LK, L,M,N,P,Q,R, S, T, V, W, orY;
and/or
QI60A,C,D,E,F,G,H,, K,L, M,N,P,R, S, T, V, W, orY;
and/or
N161A,C,D,E.F G, H, LK, L, MP,Q,R,S, T, V, W, orY;
and/or
P162A,C,D,E,F,G, H,LK,L,M, N, Q,R, S, T, V, W, orY;
and/or
S163A,C,D,E,F,G,H,LK,L,M,N,P, Q,R, T, V, W, orY;
and/or
Al64C,D,E,F,G,H,LK,L,M,N,P, Q,R,S, T, V, W, orY;
and/or
RI165A,C,D,E,F,G,H, LK, L, M,N,P,Q, S, T, V, W, orY;
and/or
S166A,C,D,E,F,G,H,LK,L,M,N,P, Q,R, T, V, W, orY;
and/or
QI67A,C,D,E,F,G,H,, K,L, M,N,P,R, S, T, V, W, orY;
and/or
K168A,C,D,E,F,G,H,, L, M,N,P,Q,R, S, T, V, W, orY;
and/or
V169A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, W, orY;
and/or
V170A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, W, orY;
and/or
E171A,C,D,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, orY;
and/or
A172C,D,E,F,G, H, LK, L, M,N, P, Q,R,S, T, V, W, orY;
and/or
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Y179A,C,D,E,F,G,H, LK, L, M, N, P, Q,R,S, T, V, or W,
and/or
HI180A,C,D,E,F, G, LK,L, M, P, Q,R, S, T, V, W, orY;
and/or
N181A,C,D,E,F,G,H,LK,L, M,P,Q,R, S, T, V, W, orY,
and/or
Q182A,C,D,E,F,G,H, LK, L, M, N,P,R,S, T, V, W, orY,
preferably K; and/or
M209A,C,D,E,F,G,H, L, K,L,N,P, Q,R, S, T, V, W, orY,;
and/or
L210A,C,D,E, F, G, H, LK, M,N,P, Q,R, S, T,V, W, orY,
and/or
R211A,C,D,E,F,G,H, LK, L,M,N,P,Q,R,S, T,V, W, or
Y, and/or
N215A,C,D,E,F,G,H,I,K,L, M,N,P,Q,R, S, T,V, W, or
Y, and/or
Y226A,C,D,E,G,H, LK, L, M, N,P,Q,R, S, T, V, or W,
and/or
Y230A,C,D,E,G,H, LK, L, M,N,P,Q,R, S, T, Vor W,
and/or
K284A,C,D,E,F,G,H, L, M,N,P,Q,R, S, T, V, W, orY;
and/or
M285A,C,D,E,F,G,H, L, K,L,N,P, Q,R, S, T, V, W, orY;
and/or
Q289A,C,D,E,F,G,H,LK,L, M,N,P,R, S, T, V, W, orY,
and/or
V290A,C,D,E,F,G,H,I,K,L, M,N,P,Q,R, S, T, W, orY,
and/or
E309A,C,D,F, G, H, L, K,L, M,N,P, Q,R, S, T, V, W, orY;
and/or
S310A,C,D,E,F,G,H, L K, L, M, N, P, Q,R, T, V, W, or Y.

In addition or alternatively thereto there may be one or
more C-terminal extensions. Preferably the additional C-ter-
minal extension is comprised of one or more aliphatic amino
acids, preferably a non-polar amino acid, more preferably of
I, L, V or G. Thus, the present invention further provides for
a variant enzyme comprising one or more of the following
C-terminal extensions: 3181, 318L, 318V, 318G.

Preferred variant enzymes may have a decreased hydro-
Iytic activity against a phospholipid, such as phosphatidyl-
choline (PC), may also have an increased transferase activity
from a phospholipid.

Preferred variant enzymes may have an increased trans-
ferase activity from a phospholipid, such as phosphatidylcho-
line (PC), these may also have an increased hydrolytic activ-
ity against a phospholipid.

Modification of one or more of the following residues may
result in a variant enzyme having an increased absolute trans-
ferase activity against phospholipid:
S3,D157,8310,E309,Y179,N215, K22, (289, M23, H180,
M209, 1.210, R211, P81, V112, N80, 1.82, N88; N87

Specific preferred modifications which may provide a vari-
ant enzyme having an improved transferase activity from a
phospholipid may be selected from one or more of the fol-
lowing:

S3A,C,D,E,FEGH LKL MN,PQRTV,WorY,
preferably N, E, K, R, A, P or M, most preferably S3A
D157A,C,E,F,G,H, LK, L,M,N,P,Q,R,S, T,V,WorY,
preferably D157S, R, E, N, G, T, V, Q,K or C
S310A,C,D,E,F,G,H,, K,L,M,N,P,Q,R, T,V, WorY;
preferably S310T -318
E309A,C,D,E,F, G, H,LK,L, ,PLQ,R,T,V,WorY,
preferably E309 R, E, L., R or A

Y179A,C,D,E,F,G,H, LK, L
preferably Y179 D, T, E, R, N, V,
E,R,N,V,KorQ

sPs Qs Rs S,T,VOI'W;
or S, more preferably

oz Z
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LK LM, PQR, S, TV, WorY;
orY
,LLLM, N, P Q. R, S, T,V,WorY;
orA
, LK, L,M,N,PR,S, T,V,WorY;
,PorN
, LK, LN, PQ,R, S, T,V WorY;
,TorS
LM,PQR S, TV,WorY;

N215A,C, D, E, F,
preferably N215 S,
K22A,C,D,E, F,
preferably K22 E,
Q289A,C,D,E,F,
preferably Q289 R,
M23A,C,D, E, F,
preferably M23 K,
H180A,C,D, E, F, G,
preferably H180 Q, R
M209A, C,D, E, F, G,
preferably M209 Q, S,
L210A,C,D,E, F, G,
preferably [L210 R, A,
R211A,C,D,E,F, G
preferably R211T
P81A,C,D,E,F, G, H, 1,
preferably P81G
VI112A,C,D,E,F,G,H,,K,L,M,N,P,Q,R, S, T, WorY;
preferably V112C

N8OA,C,D,E,F,G,H,LK,L,M, P, Q,R, S, T,V, WorY;
preferably NSOR, G,N, D, P, T,E, V,Aor G
L82A,C,D,E,F,GH, L, M,N,P Q,R, S, T,V,WorY;
preferably [L.82N, Sor E
N88A,C,D,E,F,G,H,LK,L,M, P, Q,R, S, T,V,WorY;
preferably N88C

N87A,C,D,E,F,G,H,LK,L,M, P, Q,R, S, T,V, WorY;
preferably N87M or G

Preferred modification of one or more of the following
residues results in a variant enzyme having an increased abso-
lute transferase activity against phospholipid:

SIN,R,A, G
M23K,Q,L,G,T,S
H180 R

L82G
Y179E,R,N,V,KorQ
E309R, S,LorA

One preferred modification is N80D. This is particularly
the case when using the reference sequence SEQ ID No. 35 as
the backbone. Thus, the reference sequence may be SEQ ID
No. 16. This modification may be in combination with one or
more further modifications. Therefore in a preferred embodi-
ment of the present invention the nucleotide sequence encod-
ing a lipid acyltransferase for use in any one of the methods
and uses of the present invention may encode a lipid acyl-
transferase that comprises SEQ ID No. 35 or an amino acid
sequence which has 75% or more, preferably 85% or more,
more preferably 90% or more, even more preferably 95% or
more, even more preferably 98% or more, or even more
preferably 99% or more identity to SEQ ID No. 35.

As noted above, when referring to specific amino acid
residues herein the numbering is that obtained from align-
ment of the variant sequence with the reference sequence
shown as SEQ ID No. 34 or SEQ ID No. 35

Much by preference, the nucleotide sequence encoding a
lipid acyltransferase for use in any one of the methods and
uses of the present invention may encode a lipid comprising
the amino acid sequence shown as SEQ ID No. 16 or the
amino acid sequence shown as SEQ ID No. 68, or an amino
acid sequence which has 70% or more, preferably 75% or
more, preferably 85% or more, more preferably 90% or more,
even more preferably 95% or more, even more preferably
98% or more, or even more preferably 99% or more identity
to SEQ ID No. 16 or SEQ ID No. 68. This enzyme may be
considered a variant enzyme.

For the purposes of the present invention, the degree of
identity is based on the number of sequence elements which
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are the same. The degree of identity in accordance with the
present invention for amino acid sequences may be suitably
determined by means of computer programs known in the art,
such as Vector NTT 10 (Invitrogen Corp.). For pairwise align-
ment the score used is preferably BLOSUMG62 with Gap
opening penalty of 10.0 and Gap extension penalty of 0.1.

Suitably, the degree ofidentity with regard to an amino acid
sequence is determined over at least 20 contiguous amino
acids, preferably over at least 30 contiguous amino acids,
preferably over at least 40 contiguous amino acids, preferably
over at least 50 contiguous amino acids, preferably over at
least 60 contiguous amino acids.

Suitably, the degree ofidentity with regard to an amino acid
sequence may be determined over the whole sequence.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase or the lipid acyl transferase enzyme for use in the
present invention may be obtainable, preferably obtained,
from organisms from one or more of the following genera:
Aeromonas, Streptomyces, Saccharomyces, Lactococcus,
Mycobacterium, Streptococcus, Lactobacillus, Desulfitobac-
terium, Bacillus, Campylobacter, Vibrionaceae, Xylella, Sul-
folobus, Aspergillus, Schizosaccharomyces, Listeria, Neis-
seria, Mesorhizobium, Ralstonia, Xanthomonas, Candida,
Thermobifida and Corynebacterium.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase or the lipid acyl transferase enzyme for use in the
present invention may be obtainable, preferably obtained,
from one or more of the following organisms: Aeromonas
hydrophila, Aeromonas salmonicida, Streptomyces coeli-
color, Streptomyces rimosus, Mycobacterium, Streptococcus
pyogenes, Lactococcus lactis, Streptococcus pyogenes,
Streptococcus thermophilus, Streptomyces thermosacchari,
Streptomyces avermitilis Lactobacillus helveticus, Desulfito-
bacterium dehalogenans, Bacillus sp, Campylobacter jejuni,
Vibrionaceae, Xylella fastidiosa, Sulfolobus solfataricus,
Saccharomyces cerevisiae, Aspergillus terreus, Schizosac-
charomyces pombe, Listeria innocua, Listeria monocytoge-
nes, Neisseria meningitidis, Mesorhizobium loti, Ralstonia
solanacearum, Xanthomonas campestris, Xanthomonas axo-
nopodis, Candida parapsilosis, Thermobifida fusca and
Corynebacterium efficiens.

In one aspect, preferably the nucleotide sequence encoding
a lipid acyltransferase for use in any one of the methods
and/or uses of the present invention encodes a lipid acyl
transferase enzyme according to the present invention is
obtainable, preferably obtained or derived, from one or more
of Aeromonas spp., Aeromonas hydrophila or Aeromonas
salmonicida.

In one aspect, preferably the lipid acyltransferase for use in
any one of the methods and/or uses of the present invention is
a lipid acyl transferase enzyme obtainable, preferably
obtained or derived, from one or more of Aeromonas spp.,
Aeromonas hydrophila or Aeromonas salmonicida.

The term “transferase” as used herein is interchangeable
with the term “lipid acyltransferase”™.

Suitably, the lipid acyltransferase as defined herein cataly-
ses one or more of the following reactions: interesterification,
transesterification, alcoholysis, hydrolysis.

The term “interesterification” refers to the enzymatic
catalysed transfer of acyl groups between a lipid donor and
lipid acceptor, wherein the lipid donor is not a free acyl group.

The term “transesterification” as used herein means the
enzymatic catalysed transfer of an acyl group from a lipid
donor (other than a free fatty acid) to an acyl acceptor (other
than water).

As used herein, the term “alcoholysis™ refers to the enzy-
matic cleavage of a covalent bond of an acid derivative by
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reaction with an alcohol ROH so that one of the products
combines with the H of the alcohol and the other product
combines with the OR group of the alcohol.

As used herein, the term “alcohol” refers to an alkyl com-
pound containing a hydroxyl group.

As used herein, the term “hydrolysis” refers to the enzy-
matic catalysed transfer of an acyl group from a lipid to the
OH group of a water molecule.

The term “without increasing or without substantially
increasing the free fatty acids” as used herein means that
preferably the lipid acyl transferase according to the present
invention has 100% transferase activity (i.e. transfers 100%
of'the acyl groups from an acyl donor onto the acyl acceptor,
with no hydrolytic activity); however, the enzyme may trans-
fer less than 100% of the acyl groups present in the lipid acyl
donor to the acyl acceptor. In which case, preferably the
acyltransferase activity accounts for at least 5%, more pref-
erably at least 10%, more preferably at least 20%, more
preferably at least 30%, more preferably at least 40%, more
preferably 50%, more preferably at least 60%, more prefer-
ably at least 70%, more preferably at least 80%, more pref-
erably at least 90% and more preferably at least 98% of the
total enzyme activity. The % transferase activity (i.e. the
transferase activity as a percentage of the total enzymatic
activity) may be determined by the following the “Assay for
Transferase Activity” given above.

In some aspects of the present invention, the term “without
substantially increasing free fatty acids” as used herein means
that the amount of free fatty acid in a edible oil treated with an
lipid acyltransferase according to the present invention is less
than the amount of free fatty acid produced in the edible oil
when an enzyme other than a lipid acyltransferase according
to the present invention had been used, such as for example as
compared with the amount of free fatty acid produced when a
conventional phospholipase enzyme, e.g. Lecitase Ultra™
(Novozymes A/S, Denmark), had been used.

The term ‘essentially consists’ as used herein, when refer-
ring to a product or composition, preferably means that the
product or composition, may consist of other products or
compositions but only to a maximum concentration of, pref-
erably 10%, such as 5%, such as 3%, such as 2% or 1%, or
0.5% or 0.1%.

In one preferred embodiment the lipid acyltransferase is
used in combination with a lipase having one or more of the
following enzyme activities: glycolipase activity (E.C.
3.1.1.26, phospholipase A2 activity (E.C. 3.1.1.4) or phos-
pholipase Al activity (E.C. 3.1.1.32). Suitably, lipase
enzymes are well known within the art and include by way of
example the following lipases: a phospholipase Al
LECITASE® ULTRA (Novozymes A/S, Denmark), phos-
pholipase A2 (e.g. phospholipase A2 from LIPOMOD™ 221,
from Biocatalysts, LIPOMAX™ and LysoMax PLA2™
from Genecor), LIPOLASE® (Novozymes A/S, Denmark).

In some embodiments it may be beneficial to combine the
use of lipid acyltransferase with a phospholipase, such as
phospholipase Al, phospholipase A2, phospholipase B,
Phospholipase C and/or phospholipase D.

The combined use may be performed sequentially or con-
currently, e.g. the lipid acyl transferase treatment may occur
prior to or during the further enzyme treatment. Alternatively,
the further enzyme treatment may occur prior to or during the
lipid acyl transferase treatment.

In the case of sequential enzyme treatments, in some
embodiments it may be advantageous to remove the first
enzyme used, e.g. by heat deactivation or by use of an immo-
bilised enzyme, prior to treatment with the second (and/or
third etc.) enzyme.
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Post-Transcription and Post-Translational Modifications

Suitably the lipid acyltransferase in accordance with the
present invention may be encoded by any one of the nucle-
otide sequences taught herein.

Depending upon the host cell used post-transcriptional
and/or post-translational modifications may be made. It is
envisaged that the lipid acyltransferase for use in the present
methods and/or uses encompasses lipid acyltransferases
which have undergone post-transcriptional and/or post-trans-
lational modification.

By way of example only, the expression of the nucleotide
sequence shown herein as SEQ ID No. 49 (see FIG. 57)in a
host cell (such as Bacillus licheniformis for example) results
in post-transcriptional and/or post-translational modifica-
tions which leads to the amino acid sequence shown herein as
SEQ ID No. 68 (see FIG. 73).

SEQID No. 68 is the same as SEQ ID No. 16 (shown herein
in FIG. 1) except that SEQ ID No. 68 has undergone post-
translational and/or post-transcriptional modification to
remove 38 amino acids.

Isolated

In one aspect, the lipid acyltransferase is a recovered/iso-
lated lipid acyltransferase. Thus, the lipid acyltransferase pro-
duced may be in an isolated form.

In another aspect, the nucleotide sequence encoding a lipid
acyltransferase for use in the present invention may be in an
isolated form.

The term “isolated” means that the sequence or protein is at
least substantially free from at least one other component
with which the sequence or protein is naturally associated in
nature and as found in nature.

Purified

In one aspect, the lipid acyltransferase may be in a purified
form.

In another aspect, the nucleotide sequence encoding a lipid
acyltransferase for use in the present invention may be in a
purified form.

The term “purified” means that the sequence is in a rela-
tively pure state—e.g. at least about 51% pure, or at least
about 75%, or at least about 80%, or at least about 90% pure,
or at least about 95% pure or at least about 98% pure.
Cloning a Nucleotide Sequence Encoding a Polypeptide
According to the Present Invention

A nucleotide sequence encoding either a polypeptide
which has the specific properties as defined herein or a
polypeptide which is suitable for modification may be iso-
lated from any cell or organism producing said polypeptide.
Various methods are well known within the art for the isola-
tion of nucleotide sequences.

For example, a genomic DNA and/or cDNA library may be
constructed using chromosomal DNA or messenger RNA
from the organism producing the polypeptide. If the amino
acid sequence of the polypeptide is known, labeled oligo-
nucleotide probes may be synthesised and used to identify
polypeptide-encoding clones from the genomic library pre-
pared from the organism. Alternatively, alabelled oligonucle-
otide probe containing sequences homologous to another
known polypeptide gene could be used to identify polypep-
tide-encoding clones. In the latter case, hybridisation and
washing conditions of lower stringency are used.

Alternatively, polypeptide-encoding clones could be iden-
tified by inserting fragments of genomic DNA into an expres-
sion vector, such as a plasmid, transforming enzyme-negative
bacteria with the resulting genomic DNA library, and then
plating the transformed bacteria onto agar containing an
enzyme inhibited by the polypeptide, thereby allowing clones
expressing the polypeptide to be identified.
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In a yet further alternative, the nucleotide sequence encod-
ing the polypeptide may be prepared synthetically by estab-
lished standard methods, e.g. the phosphoroamidite method
described by Beucage S. L. et al (1981) Tetrahedron Letters
22, p 1859-1869, or the method described by Matthes et al
(1984) EMBO 1J. 3, p 801-805. In the phosphoroamidite
method, oligonucleotides are synthesised, e.g. in an auto-
matic DNA synthesiser, purified, annealed, ligated and
cloned in appropriate vectors.

The nucleotide sequence may be of mixed genomic and
synthetic origin, mixed synthetic and cDNA origin, or mixed
genomic and cDNA origin, prepared by ligating fragments of
synthetic, genomic or cDNA origin (as appropriate) in accor-
dance with standard techniques. Each ligated fragment cor-
responds to various parts of the entire nucleotide sequence.
The DNA sequence may also be prepared by polymerase
chain reaction (PCR) using specific primers, for instance as
described in U.S. Pat. No. 4,683,202 or in Saiki R K et al
(Science (1988) 239, pp 487-491).

Nucleotide Sequences

The present invention also encompasses nucleotide
sequences encoding polypeptides having the specific proper-
ties as defined herein. The term “nucleotide sequence” as
used herein refers to an oligonucleotide sequence or poly-
nucleotide sequence, and variant, homologues, fragments
and derivatives thereof (such as portions thereof). The nucle-
otide sequence may be of genomic or synthetic or recombi-
nant origin, which may be double-stranded or single-stranded
whether representing the sense or antisense strand.

The term “nucleotide sequence” in relation to the present
invention includes genomic DNA, cDNA, synthetic DNA,
and RNA. Preferably it means DNA, more preferably cDNA
for the coding sequence.

In a preferred embodiment, the nucleotide sequence per se
encoding a polypeptide having the specific properties as
defined herein does not cover the native nucleotide sequence
in its natural environment when it is linked to its naturally
associated sequence(s) that is/are also in its/their natural envi-
ronment. For ease of reference, we shall call this preferred
embodiment the “non-native nucleotide sequence”. In this
regard, the term “native nucleotide sequence” means an entire
nucleotide sequence that is in its native environment and
when operatively linked to an entire promoter with which it is
naturally associated, which promoter is also in its native
environment. Thus, the polypeptide of the present invention
can be expressed by a nucleotide sequence in its native organ-
ism but wherein the nucleotide sequence is not under the
control of the promoter with which it is naturally associated
within that organism.

Preferably the polypeptide is not a native polypeptide. In
this regard, the term “native polypeptide” means an entire
polypeptide that is in its native environment and when it has
been expressed by its native nucleotide sequence.

Typically, the nucleotide sequence encoding polypeptides
having the specific properties as defined herein is prepared
using recombinant DNA techniques (i.e. recombinant DNA).
However, in an alternative embodiment of the invention, the
nucleotide sequence could be synthesised, in whole or in part,
using chemical methods well known in the art (see Caruthers
M H et al (1980) Nuc Acids Res Symp Ser 215-23 and Horn
T at al (1980) Nuc Acids Res Symp Ser 225-232).
Molecular Evolution

Once an enzyme-encoding nucleotide sequence has been
isolated, or a putative enzyme-encoding nucleotide sequence
has been identified, it may be desirable to modity the selected
nucleotide sequence, for example it may be desirable to
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mutate the sequence in order to prepare an enzyme in accor-
dance with the present invention.

Mutations may be introduced using synthetic oligonucle-
otides. These oligonucleotides contain nucleotide sequences
flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotech-
nology (1984) 2, p 646-649). Another method of introducing
mutations into enzyme-encoding nucleotide sequences is
described in Nelson and Long (Analytical Biochemistry
(1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described
above, one can introduce mutations randomly for instance
using a commercial kit such as the GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR ran-
dom mutagenesis kit from Clontech. EP 0 583 265 refers to
methods of optimising PCR based mutagenesis, which can
also be combined with the use of mutagenic DNA analogues
such as those described in EP 0 866 796. Error prone PCR
technologies are suitable for the production of variants of
lipid acyl transferases with preferred characteristics.
WO0206457 refers to molecular evolution of lipases.

A third method to obtain novel sequences is to fragment
non-identical nucleotide sequences, either by using any num-
ber of restriction enzymes or an enzyme such as Dnase I, and
reassembling full nucleotide sequences coding for functional
proteins. Alternatively one can use one or multiple non-iden-
tical nucleotide sequences and introduce mutations during the
reassembly of the full nucleotide sequence. DNA shuffling
and family shuffling technologies are suitable for the produc-
tion of variants of lipid acyl transferases with preferred char-
acteristics. Suitable methods for performing ‘shuffling’ can
be found in EPO 752 008, EP1 138 763, EP1 103 606. Shuf-
fling can also be combined with other forms of DNA
mutagenesis as described in U.S. Pat. No. 6,180,406 and WO
01/34835.

Thus, it is possible to produce numerous site directed or
random mutations into a nucleotide sequence, either in vivo
or in vitro, and to subsequently screen for improved function-
ality of the encoded polypeptide by various means. Using in
silico and exo mediated recombination methods (see WO
00/58517, U.S. Pat. No. 6,344,328, U.S. Pat. No. 6,361,974),
for example, molecular evolution can be performed where the
variant produced retains very low homology to known
enzymes or proteins. Such variants thereby obtained may
have significant structural analogy to known transferase
enzymes, but have very low amino acid sequence homology.

As anon-limiting example, In addition, mutations or natu-
ral variants of a polynucleotide sequence can be recombined
with either the wild type or other mutations or natural variants
to produce new variants. Such new variants can also be
screened for improved functionality of the encoded polypep-
tide.

The application of the above-mentioned and similar
molecular evolution methods allows the identification and
selection of variants of the enzymes of the present invention
which have preferred characteristics without any prior knowl-
edge of protein structure or function, and allows the produc-
tion of non-predictable but beneficial mutations or variants.
There are numerous examples of the application of molecular
evolution in the art for the optimisation or alteration of
enzyme activity, such examples include, but are not limited to
one or more of the following: optimised expression and/or
activity in a host cell or in vitro, increased enzymatic activity,
altered substrate and/or product specificity, increased or
decreased enzymatic or structural stability, altered enzymatic
activity/specificity in preferred environmental conditions,
e.g. temperature, pH, substrate
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As will be apparent to a person skilled in the art, using
molecular evolution tools an enzyme may be altered to
improve the functionality of the enzyme.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase used in the invention may encode a variant lipid
acyltransferase, i.e. the lipid acyltransferase may contain at
least one amino acid substitution, deletion or addition, when
compared to a parental enzyme. Variant enzymes retain at
least 1%, 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, 97%, 99% homology with the
parent enzyme. Suitable parent enzymes may include any
enzyme with esterase or lipase activity. Preferably, the parent
enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipid acyltransferase
enzyme retains or incorporates at least one or more of the
pfam00657 consensus sequence amino acid residues found in
the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltrans-
ferase activity in an aqueous environment may be mutated
using molecular evolution tools to introduce or enhance the
transferase activity, thereby producing a lipid acyltransferase
enzyme with significant transferase activity suitable foruse in
the compositions and methods of the present invention.

Suitably, the nucleotide sequence encoding a lipid acyl-
transferase for use in any one of the methods and/or uses of
the present invention may encode a lipid acyltransferase that
may be a variant with enhanced enzyme activity on polar
lipids, preferably phospholipids and/or glycolipids when
compared to the parent enzyme. Preferably, such variants also
have low or no activity on lyso polar lipids. The enhanced
activity on polar lipids, phospholipids and/or glycolipids may
be the result of hydrolysis and/or transferase activity or a
combination of both.

Variant lipid acyltransferases may have decreased activity
on triglycerides, and/or monoglycerides and/or diglycerides
compared with the parent enzyme.

Suitably the variant enzyme may have no activity on trig-
lycerides and/or monoglycerides and/or diglycerides.

Alternatively, the variant enzyme may have increased ther-
mostability.

The variant enzyme may have increased activity on one or
more of the following, polar lipids, phospholipids, lecithin,
phosphatidylcholine, glycolipids, digalactosyl monoglycer-
ide, monogalactosyl monoglyceride.

Variants of lipid acyltransferases are known, and one or
more of such variants may be suitable for use in the methods
and uses according to the present invention and/or in the
enzyme compositions according to the present invention. By
way of example only, variants of lipid acyltransferases are
described in the following references may be used in accor-
dance with the present invention: Hilton & Buckley J. Biol.
Chem. 1991 Jan. 15: 266 (2): 997-1000; Robertson at al J.
Biol. Chem. 1994 Jan. 21; 269(3):2146-50; Brumlik at al J.
Bacteriol 1996 April; 178 (7): 2060-4; Peelman et al Protein
Sci. 1998 March; 7(3):587-99.

Amino Acid Sequences

The present invention also encompasses the use of amino
acid sequences encoded by a nucleotide sequence which
encodes a lipid acyltransferase for use in any one of the
methods and/or uses of the present invention.

Asused herein, the term “amino acid sequence” is synony-
mous with the term “polypeptide” and/or the term “protein”.
In some instances, the term “amino acid sequence” is syn-
onymous with the term “peptide”.

The amino acid sequence may be prepared/isolated from a
suitable source, or it may be made synthetically or it may be
prepared by use of recombinant DNA techniques.
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Suitably, the amino acid sequences may be obtained from
the isolated polypeptides taught herein by standard tech-
niques.

One suitable method for determining amino acid
sequences from isolated polypeptides is as follows:

Purified polypeptide may be freeze-dried and 100 pg of the
freeze-dried material may be dissolved in 50 ul of a mixture of
8 M urea and 0.4 M ammonium hydrogen carbonate, pH 8.4.
The dissolved protein may be denatured and reduced for 15
minutes at 50° C. following overlay with nitrogen and addi-
tion of 5 pl of 45 mM dithiothreitol. After cooling to room
temperature, 5 pul of 100 mM iodoacetamide may be added for
the cysteine residues to be derivatized for 15 minutes at room
temperature in the dark under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-C in 5 pl of
water may be added to the above reaction mixture and the
digestion may be carried out at 37° C. under nitrogen for 24
hours.

The resulting peptides may be separated by reverse phase
HPLC on a VYDAC C18 column (0.46x15 cm; 10 um; The
Separation Group, California, USA) using solvent A: 0.1%
TFA in water and solvent B: 0.1% TFA in acetonitrile.
Selected peptides may be re-chromatographed on a Develosil
C18 column using the same solvent system, prior to N-termi-
nal sequencing. Sequencing may be done using an Applied
Biosystems 476 A sequencer using pulsed liquid fast cycles
according to the manufacturer’s instructions (Applied Bio-
systems, California, USA).

Sequence Identity or Sequence Homology

Here, the term “homologue” means an entity having a
certain homology with the subject amino acid sequences and
the subject nucleotide sequences. Here, the term “homology™
can be equated with “identity”.

The homologous amino acid sequence and/or nucleotide
sequence should provide and/or encode a polypeptide which
retains the functional activity and/or enhances the activity of
the enzyme.

In the present context, a homologous sequence is taken to
include an amino acid sequence which may be at least 75, 85
or 90% identical, preferably at least 95 or 98% identical to the
subject sequence. Typically, the homologues will comprise
the same active sites etc. as the subject amino acid sequence.
Although homology can also be considered in terms of simi-
larity (i.e. amino acid residues having similar chemical prop-
erties/functions), in the context of the present invention it is
preferred to express homology in terms of sequence identity.

In the present context, a homologous sequence is taken to
include a nucleotide sequence which may be at least 75, 85 or
90% identical, preferably at least 95 or 98% identical to a
nucleotide sequence encoding a polypeptide of the present
invention (the subject sequence). Typically, the homologues
will comprise the same sequences that code for the active sites
etc. as the subject sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues
having similar chemical properties/functions), in the context
of'the present invention it is preferred to express homology in
terms of sequence identity.

Homology comparisons can be conducted by eye, or more
usually, with the aid of readily available sequence comparison
programs. These commercially available computer programs
can calculate % homology between two or more sequences.

% homology may be calculated over contiguous
sequences, i.e. one sequence is aligned with the other
sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other
sequence, one residue at a time. This is called an “ungapped”
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alignment. Typically, such ungapped alignments are per-
formed only over a relatively short number of residues.

Although this is a very simple and consistent method, it
fails to take into consideration that, for example, in an other-
wise identical pair of sequences, one insertion or deletion will
cause the following amino acid residues to be put out of
alignment, thus potentially resulting in a large reduction in %
homology when a global alignment is performed. Conse-
quently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration pos-
sible insertions and deletions without penalising unduly the
overall homology score. This is achieved by inserting “gaps”
in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap pen-
alties” to each gap that occurs in the alignment so that, for the
same number of identical amino acids, a sequence alignment
with as few gaps as possible—reflecting higher relatedness
between the two compared sequences—will achieve a higher
score than one with many gaps. “Affine gap costs” are typi-
cally used that charge a relatively high cost for the existence
of'a gap and a smaller penalty for each subsequent residue in
the gap. This is the most commonly used gap scoring system.
High gap penalties will of course produce optimised align-
ments with fewer gaps. Most alignment programs allow the
gap penalties to be modified. However, it is preferred to use
the default values when using such software for sequence
comparisons.

Calculation of maximum % homology therefore firstly
requires the production of an optimal alignment, taking into
consideration gap penalties. A suitable computer program for
carrying out such an alignment is the Vector NTI (Invitrogen
Corp.). Examples of other software that can perform
sequence comparisons include, but are not limited to, the
BLAST package (see Ausubel et al 1999 Short Protocols in
Molecular Biology, 4” Ed—Chapter 18), and FASTA (Alts-
chul et al 1990 J. Mol. Biol. 403-410). Both BLAST and
FASTA are available for offline and online searching (see
Ausubel et al 1999, pages 7-58 to 7-60). However, for some
applications, it is preferred to use the Vector NTI program. A
new tool, called BLAST 2 Sequences is also available for
comparing protein and nucleotide sequence (see FEMS
Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett
1999 177(1): 187-8 and tatiana@ncbi.nlm.nih.gov).

Although the final % homology can be measured in terms
of identity, the alignment process itself is typically not based
on an all-or-nothing pair comparison. Instead, a scaled simi-
larity score matrix is generally used that assigns scores to
each pairwise comparison based on chemical similarity or
evolutionary distance. An example of such a matrix com-
monly used is the BLOSUMG62 matrix—the default matrix
for the BLAST suite of programs. Vector NTI programs gen-
erally use either the public default values or a custom symbol
comparison table if supplied (see user manual for further
details). For some applications, it is preferred to use the
default values for the Vector NTI package.

Alternatively, percentage homologies may be calculated
using the multiple alignment feature in Vector NTI (Invitro-
gen Corp.), based on an algorithm, analogous to CLUSTAL
(Higgins D G & Sharp P M (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is
possible to calculate % homology, preferably % sequence
identity. The software typically does this as part of the
sequence comparison and generates a numerical result.

Should Gap Penalties be used when determining sequence
identity, then preferably the following parameters arec used for
pairwise alignment:
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FOR BLAST
GAP OPEN 0
GAP EXTENSION 0
FOR CLUSTAL DNA PROTEIN
WORD SIZE 2 1 K triple
GAP PENALTY 15 10
GAP EXTENSION 6.66 0.1

In one embodiment, preferably the sequence identity for
the nucleotide sequences is determined using CLUSTAL
with the gap penalty and gap extension set as defined above.

Suitably, the degree of identity with regard to a nucleotide
sequence is determined over at least 20 contiguous nucle-
otides, preferably over at least 30 contiguous nucleotides,
preferably over at least 40 contiguous nucleotides, preferably
over at least 50 contiguous nucleotides, preferably over at
least 60 contiguous nucleotides, preferably over at least 100
contiguous nucleotides.

Suitably, the degree of identity with regard to a nucleotide
sequence may be determined over the whole sequence.

In one embodiment the degree of amino acid sequence
identity in accordance with the present invention may be
suitably determined by means of computer programs known
in the art, such as Vector NTI 10 (Invitrogen Corp.). For
pairwise alignment the matrix used is preferably BLO-
SUMS62 with Gap opening penalty of 10.0 and Gap extension
penalty of 0.1.

Suitably, the degree ofidentity with regard to an amino acid
sequence is determined over at least 20 contiguous amino
acids, preferably over at least 30 contiguous amino acids,
preferably over at least 40 contiguous amino acids, preferably
over at least 50 contiguous amino acids, preferably over at
least 60 contiguous amino acids.

Suitably, the degree ofidentity with regard to an amino acid
sequence may be determined over the whole sequence.

The sequences may also have deletions, insertions or sub-
stitutions of amino acid residues which produce a silent
change and result in a functionally equivalent substance.
Deliberate amino acid substitutions may be made on the basis
of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicity, and/or the amphipathic nature of the residues
as long as the secondary binding activity of the substance is
retained. For example, negatively charged amino acids
include aspartic acid and glutamic acid; positively charged
amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity
values include leucine, isoleucine, valine, glycine, alanine,
asparagine, glutamine, serine, threonine, phenylalanine, and
tyrosine.

Conservative substitutions may be made, for example
according to the Table below. Amino acids in the same block
in the second column and preferably in the same line in the
third column may be substituted for each other:

ALIPHATIC GAP
ILV

CSTM

Non-polar
Polar-uncharged
DE

KR
HFWY

Polar-charged

AROMATIC
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The present invention also encompasses homologous sub-
stitution (substitution and replacement are both used herein to
mean the interchange of an existing amino acid residue, with
an alternative residue) that may occur i.e. like-for-like sub-
stitution such as basic for basic, acidic for acidic, polar for
polar etc. Non-homologous substitution may also occur i.e.
from one class of residue to another or alternatively involving
the inclusion of unnatural amino acids such as ornithine
(hereinafter referred to as Z), diaminobutyric acid ornithine
(hereinafter referred to as B), norleucine ornithine (hereinaf-
ter referred to as O), pyriylalanine, thienylalanine, naphthy-
lalanine and phenylglycine.

Replacements may also be made by unnatural amino acids.

Variant amino acid sequences may include suitable spacer
groups that may be inserted between any two amino acid
residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid
spacers such as glycine or f-alanine residues. A further form
of variation, involves the presence of one or more amino acid
residues in peptoid form, will be well understood by those
skilled in the art. For the avoidance of doubt, “the peptoid
form” is used to refer to variant amino acid residues wherein
the a-carbon substituent group is on the residue’s nitrogen
atom rather than the a-carbon. Processes for preparing pep-
tides in the peptoid form are known in the art, for example
Simon R T et al., PNAS (1992) 89(20), 9367-9371 and Hor-
well D C, Trends Biotechnol. (1995) 13(4), 132-134.

Nucleotide sequences for use in the present invention or
encoding a polypeptide having the specific properties defined
herein may include within them synthetic or modified nucle-
otides. A number of different types of modification to oligo-
nucleotides are known in the art. These include methylphos-
phonate and phosphorothioate backbones and/or the addition
of acridine or polylysine chains at the 3' and/or 5' ends of the
molecule. For the purposes of the present invention, it is to be
understood that the nucleotide sequences described herein
may be modified by any method available in the art. Such
modifications may be carried out in order to enhance the in
vivo activity or life span of nucleotide sequences.

The present invention also encompasses the use of nucle-
otide sequences that are complementary to the sequences
discussed herein, or any derivative, fragment or derivative
thereof. If the sequence is complementary to a fragment
thereof then that sequence can be used as a probe to identify
similar coding sequences in other organisms etc.

Polynucleotides which are not 100% homologous to the
sequences of the present invention but fall within the scope of
the invention can be obtained in a number of ways. Other
variants of the sequences described herein may be obtained
for example by probing DNA libraries made from a range of
individuals, for example individuals from different popula-
tions. In addition, other viral/bacterial, or cellular homo-
logues particularly cellular homologues found in mammalian
cells (e.g. rat, mouse, bovine and primate cells), may be
obtained and such homologues and fragments thereofin gen-
eral will be capable of selectively hybridising to the
sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA libraries made
from or genomic DNA libraries from other animal species,
and probing such libraries with probes comprising all or part
of any one of the sequences in the attached sequence listings
under conditions of medium to high stringency. Similar con-
siderations apply to obtaining species homologues and allelic
variants of the polypeptide or nucleotide sequences of the
invention.

Variants and strain/species homologues may also be
obtained using degenerate PCR which will use primers
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designed to target sequences within the variants and homo-
logues encoding conserved amino acid sequences within the
sequences of the present invention. Conserved sequences can
be predicted, for example, by aligning the amino acid
sequences from several variants/homologues. Sequence
alignments can be performed using computer software
known in the art. For example the GCG Wisconsin PileUp
program is widely used.

The primers used in degenerate PCR will contain one or
more degenerate positions and will be used at stringency
conditions lower than those used for cloning sequences with
single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by
site directed mutagenesis of characterised sequences. This
may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a
particular host cell in which the polynucleotide sequences are
being expressed. Other sequence changes may be desired in
order to introduce restriction polypeptide recognition sites, or
to alter the property or function of the polypeptides encoded
by the polynucleotides.

Polynucleotides (nucleotide sequences) of the invention
may be used to produce a primer, e.g. a PCR primer, a primer
for an alternative amplification reaction, a probe e.g. labelled
with a revealing label by conventional means using radioac-
tive or non-radioactive labels, or the polynucleotides may be
cloned into vectors. Such primers, probes and other frag-
ments will be at least 15, preferably at least 20, for example at
least 25, 30 or 40 nucleotides in length, and are also encom-
passed by the term polynucleotides of the invention as used
herein.

Polynucleotides such as DNA polynucleotides and probes
according to the invention may be produced recombinantly,
synthetically, or by any means available to those of skill in the
art. They may also be cloned by standard techniques.

In general, primers will be produced by synthetic means,
involving a stepwise manufacture of the desired nucleic acid
sequence one nucleotide at a time. Techniques for accom-
plishing this using automated techniques are readily available
in the art.

Longer polynucleotides will generally be produced using
recombinant means, for example using a PCR (polymerase
chain reaction) cloning techniques. This will involve making
a pair of primers (e.g. of about 15 to 30 nucleotides) flanking
a region of the lipid targeting sequence which it is desired to
clone, bringing the primers into contact with mRNA or cDNA
obtained from an animal or human cell, performing a poly-
merase chain reaction under conditions which bring about
amplification of the desired region, isolating the amplified
fragment (e.g. by purifying the reaction mixture on an agarose
gel) and recovering the amplified DNA. The primers may be
designed to contain suitable restriction enzyme recognition
sites so that the amplified DNA can be cloned into a suitable
cloning vector.

Hybridisation

The present invention also encompasses the use of
sequences that are complementary to the sequences of the
present invention or sequences that are capable of hybridising
either to the sequences of the present invention or to
sequences that are complementary thereto.

The term “hybridisation” as used herein shall include “the
process by which a strand of nucleic acid joins with a comple-
mentary strand through base pairing” as well as the process of
amplification as carried out in polymerase chain reaction
(PCR) technologies.

The present invention also encompasses the use of nucle-
otide sequences that are capable of hybridising to the
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sequences that are complementary to the subject sequences
discussed herein, or any derivative, fragment or derivative
thereof.

The present invention also encompasses sequences that are
complementary to sequences that are capable of hybridising
to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting tem-
perature (Tm) of the nucleotide binding complex, as taught in
Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic
Press, San Diego Calif.), and confer a defined “stringency” as
explained below.

Maximum stringency typically occurs at about Tm-5° C.
(5° C. below the Tm of the probe); high stringency at about 5°
C. 10 10° C. below Tm; intermediate stringency at about 10°
C. 10 20° C. below Tm; and low stringency at about 20° C. to
25°C.below Tm. As will be understood by those of skill in the
art, a maximum stringency hybridisation can be used to iden-
tify or detect identical nucleotide sequences while an inter-
mediate (or low) stringency hybridisation can be used to
identify or detect similar or related polynucleotide sequences.

Preferably, the present invention encompasses the use of
sequences that are complementary to sequences that are
capable of hybridising under high stringency conditions or
intermediate stringency conditions to nucleotide sequences
encoding polypeptides having the specific properties as
defined herein.

More preferably, the present invention encompasses the
use of sequences that are complementary to sequences that
are capable of hybridising under high stringency conditions
(e.g. 65° C. and 0.1xSSC {1xSSC=0.15 M NaCl, 0.015 M
Na-citrate pH 7.0}) to nucleotide sequences encoding
polypeptides having the specific properties as defined herein.

The present invention also relates to the use of nucleotide
sequences that can hybridise to the nucleotide sequences
discussed herein (including complementary sequences of
those discussed herein).

The present invention also relates to the use of nucleotide
sequences that are complementary to sequences that can
hybridise to the nucleotide sequences discussed herein (in-
cluding complementary sequences of those discussed
herein).

Also included within the scope of the present invention are
the use of polynucleotide sequences that are capable of hybri-
dising to the nucleotide sequences discussed herein under
conditions of intermediate to maximal stringency.

Inapreferred aspect, the present invention covers the use of
nucleotide sequences that can hybridise to the nucleotide
sequences discussed herein, or the complement thereof,
under stringent conditions (e.g. 50° C. and 0.2xSSC).

In a more preferred aspect, the present invention covers the
use of nucleotide sequences that can hybridise to the nucle-
otide sequences discussed herein, or the complement thereof,
under high stringency conditions (e.g. 65° C. and 0.1xSSC).
Expression of Polypeptides

A nucleotide sequence for use in the present invention or
for encoding a polypeptide having the specific properties as
defined herein can be incorporated into a recombinant repli-
cable vector. The vector may be used to replicate and express
the nucleotide sequence, in polypeptide form, in and/or from
a compatible host cell. Expression may be controlled using
control sequences which include promoters/enhancers and
other expression regulation signals. Prokaryotic promoters
and promoters functional in eukaryotic cells may be used.
Tissue specific or stimuli specific promoters may be used.
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Chimeric promoters may also be used comprising sequence
elements from two or more different promoters described
above.

The polypeptide produced by a host recombinant cell by
expression of the nucleotide sequence may be secreted or may
be contained intracellularly depending on the sequence and/
or the vector used. The coding sequences can be designed
with signal sequences which direct secretion of the substance
coding sequences through a particular prokaryotic or eukary-
otic cell membrane.

Constructs

The term “construct”—which is synonymous with terms
such as “conjugate”, “cassette” and “hybrid”—includes a
nucleotide sequence encoding a polypeptide having the spe-
cific properties as defined herein for use according to the
present invention directly or indirectly attached to a promoter.
An example of an indirect attachment is the provision of a
suitable spacer group such as an intron sequence, such as the
Shl-intron or the ADH intron, intermediate the promoter and
the nucleotide sequence of the present invention. The same is
true for the term “fused” in relation to the present invention
which includes direct or indirect attachment. In some cases,
the terms do not cover the natural combination of the nucle-
otide sequence coding for the protein ordinarily associated
with the wild type gene promoter and when they are both in
their natural environment.

The construct may even contain or express a marker which
allows for the selection of the genetic construct.

For some applications, preferably the construct comprises
at least a nucleotide sequence of the present invention or a
nucleotide sequence encoding a polypeptide having the spe-
cific properties as defined herein operably linked to a pro-
moter.

Organism

The term “organism” in relation to the present invention
includes any organism that could comprise a nucleotide
sequence according to the present invention or a nucleotide
sequence encoding for a polypeptide having the specific
properties as defined herein and/or products obtained there-
from.

The term “transgenic organism” in relation to the present
invention includes any organism that comprises a nucleotide
sequence coding for a polypeptide having the specific prop-
erties as defined herein and/or the products obtained there-
from, and/or wherein a promoter can allow expression of the
nucleotide sequence coding for a polypeptide having the spe-
cific properties as defined herein within the organism. Pref-
erably the nucleotide sequence is incorporated in the genome
of'the organism.

The term “transgenic organism” does not cover native
nucleotide coding sequences in their natural environment
when they are under the control of their native promoter
which is also in its natural environment.

Therefore, the transgenic organism of the present invention
includes an organism comprising any one of, or combinations
of, a nucleotide sequence coding for a polypeptide having the
specific properties as defined herein, constructs as defined
herein, vectors as defined herein, plasmids as defined herein,
cells as defined herein, or the products thereof. For example
the transgenic organism can also comprise a nucleotide
sequence coding for a polypeptide having the specific prop-
erties as defined herein under the control of a promoter not
associated with a sequence encoding a lipid acyltransferase in
nature.
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Transformation of Host Cells/Organism

The host organism can be a prokaryotic or a eukaryotic
organism.

Examples of suitable prokaryotic hosts include bacteria
such as E. coli and Bacillus licheniformis, preferably B.
licheniformis.

Teachings on the transformation of prokaryotic hosts is
well documented in the art, for example see Sambrook et al
(Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic
host is used then the nucleotide sequence may need to be
suitably modified before transformation—such as by removal
of introns.

In another embodiment the transgenic organism can be a
yeast.

Filamentous fungi cells may be transformed using various
methods known in the art—such as a process involving pro-
toplast formation and transformation of the protoplasts fol-
lowed by regeneration of the cell wall in a manner known. The
use of Aspergillus as a host microorganism is described in EP
0238 023.

Another host organism can be a plant. A review of the
general techniques used for transforming plants may be found
in articles by Potrykus (Adrnu Rev Plant Physiol Plant Mol
Biol [1991] 42:205-225) and Christou (Agro-Food-Industry
Hi-Tech March/April 1994 17-27). Further teachings on plant
transformation may be found in EP-A-0449375.

General teachings on the transformation of fungi, yeasts
and plants are presented in following sections.

Transformed Fungus

A host organism may be a fungus—such as a filamentous
fungus. Examples of suitable such hosts include any member
belonging to the genera Thermomyces, Acremonium,
Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma
and the like.

Teachings on transforming filamentous fungi are reviewed
in U.S. Pat. No. 5,741,665 which states that standard tech-
niques for transformation of filamentous fungi and culturing
the fungi are well known in the art. An extensive review of
techniques as applied to N. crassa is found, for example in
Davis and de Serres, Methods Enzymol (1971) 17A: 79-143.

Further teachings on transforming filamentous fungi are
reviewed in U.S. Pat. No. 5,674,707.

In one aspect, the host organism can be of the genus
Aspergillus, such as Aspergillus niger.

Atransgenic Aspergillus according to the present invention
can also be prepared by following, for example, the teachings
of Turner G. 1994 (Vectors for genetic manipulation. In:
Martinelli S. D., Kinghorn J. R. (Editors) Aspergillus: 50
years on. Progress in industrial microbiology vol 29. Elsevier
Amsterdam 1994. pp. 641-666).

Gene expression in filamentous fungi has been reviewed in
Punt et al. (2002) Trends Biotechnol 2002 May; 20(5):200-6,
Archer & Peberdy Crit Rev Biotechnol (1997) 17(4):273-
306.

Transformed Yeast

In another embodiment, the transgenic organism can be a
yeast.

A review of the principles of heterologous gene expression
in yeast are provided in, for example, Methods Mol Biol
(1995), 49:341-54, and Curr Opin Biotechnol (1997) Octo-
ber; 8(5):554-60

In this regard, yeast—such as the species Saccharomyces
cerevisi or Pichia pastoris (see FEMS Microbiol Rev (2000
24(1):45-66), may be used as a vehicle for heterologous gene
expression.
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A review of the principles of heterologous gene expression
in Saccharomyces cerevisiae and secretion of gene products
is given by E Hincheliffe E Kenny (1993, “Yeast as a vehicle
for the expression of heterologous genes”, Yeasts, Vol 5,
Anthony H Rose and J Stuart Harrison, eds, 2nd edition,
Academic Press Ltd.).

For the transformation of yeast, several transformation
protocols have been developed. For example, a transgenic
Saccharomyces according to the present invention can be
prepared by following the teachings of Hinnen et al., (1978,
Proceedings of the National Academy of Sciences of the USA
75,1929); Beggs, J D (1978, Nature, London, 275, 104); and
Tto, H et al (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various
selective markers—such as auxotrophic markers dominant
antibiotic resistance markers.

A suitable yeast host organism can be selected from the
biotechnologically relevant yeasts species such as, but not
limited to, yeast species selected from Pichia spp., Hansenula
spp., Kluyveromyces, Yarrowinia spp., Saccharomyces spp.,
including S. cerevisiae, or Schizosaccharomyce spp. includ-
ing Schizosaccharomyce pombe.

A strain of the methylotrophic yeast species Pichia pas-
toris may be used as the host organism.

In one embodiment, the host organism may be a Hansenula
species, such as H. polymorpha (as described in WOO01/
39544).

Transformed Plants/Plant Cells

A host organism suitable for the present invention may be
a plant. A review of the general techniques may be found in
articles by Potrykus (drnu Rev Plant Physiol Plant Mol Biol
/1991]42:205-225) and Christou (Agro-Food-Industry Hi-
Tech March/April 1994 17-27), or in WO01/16308. The
transgenic plant may produce enhanced levels of phytosterol
esters and phytostanol esters, for example.

Therefore the present invention also relates to a method for
the production of a transgenic plant with enhanced levels of
phytosterol esters and phytostanol esters, comprising the
steps of transforming a plant cell with a lipid acyltransferase
as defined herein (in particular with an expression vector or
construct comprising a lipid acyltransferase as defined
herein), and growing a plant from the transformed plant cell.
Secretion

Often, it is desirable for the polypeptide to be secreted from
the expression host into the culture medium from where the
enzyme may be more easily recovered. According to the
present invention, the secretion leader sequence may be
selected on the basis of the desired expression host. Hybrid
signal sequences may also be used with the context of the
present invention.

Typical examples of secretion leader sequences not asso-
ciated with a nucleotide sequence encoding a lipid acyltrans-
ferase in nature are those originating from the fungal amylo-
glucosidase (AG) gene (glaA—both 18 and 24 amino acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g.
Saccharomyces, Kluyveromyces and Hansenula) or the
a-amylase gene (Bacillus).

Detection

A variety of protocols for detecting and measuring the
expression of the amino acid sequence are known in the art.
Examples include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA) and fluorescent activated
cell sorting (FACS).

A wide variety of labels and conjugation techniques are
known by those skilled in the art and can be used in various
nucleic and amino acid assays.
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A number of companies such as Pharmacia Biotech (Pis-
cataway, N.J.), Promega (Madison, Wis.), and US Biochemi-
cal Corp (Cleveland, Ohio) supply commercial kits and pro-
tocols for these procedures.

Suitable reporter molecules or labels include those radio-
nuclides, enzymes, fluorescent, chemiluminescent, or chro-
mogenic agents as well as substrates, cofactors, inhibitors,
magnetic particles and the like. Patents teaching the use of
such labels include U.S. Pat. No. 3,817,837; U.S. Pat. No.
3,850,752, U.S. Pat. No. 3,939,350; U.S. Pat. No. 3,996,345,
U.S. Pat. No. 4,277,437, U.S. Pat. No. 4,275,149 and U.S.
Pat. No. 4,366,241.

Also, recombinant immunoglobulins may be produced as
shown in U.S. Pat. No. 4,816,567.

Fusion Proteins

The lipid acyltransferase for use in the present invention
may be produced as a fusion protein, for example to aid in
extraction and purification thereof. Examples of fusion pro-
tein partners include glutathione-S-transterase (GST), 6xHis,
GAL4 (DNA binding and/or transcriptional activation
domains) and f-galactosidase. It may also be convenient to
include a proteolytic cleavage site between the fusion protein
partner and the protein sequence of interest to allow removal
of'fusion protein sequences. Preferably the fusion protein will
not hinder the activity of the protein sequence.

Gene fusion expression systems in E. coli have been
reviewed in Curr. Opin. Biotechnol. (1995) 6(5):501-6.

The amino acid sequence of a polypeptide having the spe-
cific properties as defined herein may be ligated to a non-
native sequence to encode a fusion protein. For example, for
screening of peptide libraries for agents capable of affecting
the substance activity, it may be useful to encode a chimeric
substance expressing a non-native epitope that is recognised
by a commercially available antibody.

The invention will now be described, by way of example
only, with reference to the following Figures and Examples.

FIG. 1 shows the amino acid sequence of a mutant 4ero-
monas salmonicida mature lipid acyltransferase (GOAT)
with a mutation of Asn80Asp (notably, amino acid 80 is in the
mature sequence) (SEQ ID 16);

FIG. 2 shows an amino acid sequence (SEQ ID No. 1) a
lipid acyl transferase from Aeromonas hydrophila (ATCC
#7965);

FIG. 3 shows a pfam00657 consensus sequence from data-
base version 6 (SEQ ID No. 2);

FIG. 4 shows an amino acid sequence (SEQ ID No. 3)
obtained from the organism Aeromonas hydrophila (P10480;
GI:121051);

FIG. 5 shows an amino acid sequence (SEQ ID No. 4)
obtained from the organism Aeromonas salmonicida
(AAG098404; G1:9964017),

FIG. 6 shows an amino acid sequence (SEQ ID No. 5)
obtained from the organism Strepromyces coelicolor A3(2)
(Genbank accession number NP__631558);

FIG. 7 shows an amino acid sequence (SEQ ID No. 6)
obtained from the organism Strepromyces coelicolor A3(2)
(Genbank accession number: CAC42140);

FIG. 8 shows an amino acid sequence (SEQ ID No. 7)
obtained from the organism Saccharomyces cerevisiae (Gen-
bank accession number P41734);

FIG. 9 shows an amino acid sequence (SEQ ID No. 8)
obtained from the organism Ralstonia (Genbank accession
number: AL646052);

FIG. 10 shows SEQ ID No. 9. Scoel NCBI protein acces-
sion code CAB39707.1 G1:4539178 conserved hypothetical
protein [Streptomyces coelicolor A3(2)];
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FIG. 11 shows an amino acid shown as SEQ ID No. 10.
Scoe2 NCBI protein accession code CACO01477.1
GL:9716139 conserved hypothetical protein [Strepromyces
coelicolor A3(2)];

FIG. 12 shows an amino acid sequence (SEQ ID No. 11)
Scoe3 NCBI protein accession code CAB88833.1
GIL:7635996 putative secreted protein. [Strepromyces coeli-
color A3(2)];

FIG. 13 shows an amino acid sequence (SEQ ID No. 12)
Scoe4d NCBI protein accession code CAB89450.1
GIL:7672261 putative secreted protein. [Strepromyces coeli-
color A3(2)];

FIG. 14 shows an amino acid sequence (SEQ ID No. 13)
Scoe5 NCBI protein accession code CAB62724.1
GL:6562793 putative lipoprotein [Streptomyces coelicolor
A3Q)];

FIG. 15 shows an amino acid sequence (SEQ ID No. 14)
Sriml NCBI protein accession code AAKS84028.1
GIL:15082088 GDSL-lipase [Streptomyces rimosus];

FIG. 16 shows an amino acid sequence (SEQ ID No. 15) of
a lipid acyltransferase from Aeromonas salmonicida subsp.
Salmonicida (ATCC#14174);

FIG. 17 shows SEQ ID No. 19. Scoel NCBI protein acces-
sion code CAB39707.1 G1:4539178 conserved hypothetical
protein [Streptomyces coelicolor A3(2)];

FIG. 18 shows an amino acid sequence (SEQ ID No. 25) of
the fusion construct used for mutagenesis of the Aeromonas
hydrophile lipid acyltransferase gene. The underlined amino
acids is a xylanase signal peptide;

FIG. 19 shows a polypeptide sequence of a lipid acyltrans-
ferase enzyme from Streptomyces (SEQ ID No. 26);

FIG. 20 shows a polypeptide sequence of a lipid acyltrans-
ferase enzyme from Thermobifida (SEQ ID No. 27);

FIG. 21 shows a polypeptide sequence of a lipid acyltrans-
ferase enzyme from Thermobifida (SEQ ID No. 28);

FIG. 22 shows a polypeptide of a lipid acyltransferase
enzyme from Corynebacterium efficiens GDSx 300 amino
acid (SEQ ID No. 29);

FIG. 23 shows a polypeptide of a lipid acyltransferase
enzyme from Novosphingobium aromaticivorans GDSx 284
amino acid (SEQ ID No. 30);

FIG. 24 shows a polypeptide of a lipid acyltransferase
enzyme from Streptomyces coelicolor GDSx 269 aa (SEQ ID
No.31);

FIG. 25 shows a polypeptide of a lipid acyltransferase
enzyme from Streptomyces avermitilis\GDSx 269 amino acid
(SEQ ID No. 32);

FIG. 26 shows a polypeptide of a lipid acyltransferase
enzyme from Streptomyces (SEQ 1D No. 33);

FIG. 27 shows an amino acid sequence (SEQ ID No. 34)
obtained from the organism Aeromonas hydrophila (P10480;
GIL:121051) (notably, this is the mature sequence);

FIG. 28 shows the amino acid sequence (SEQ ID No. 35) of
a mutant Aeromonas salmonicida mature lipid acyltrans-
ferase (GOAT) (notably, this is the mature sequence);

FIG. 29 shows a nucleotide sequence (SEQ ID No. 36)
from Streptomyces thermosacchari;

FIG. 30 shows an amino acid sequence (SEQ ID No. 37)
from Streptomyces thermosacchari;

FIG. 31 shows an amino acid sequence (SEQ ID No. 38)
from Thermobifida fiisca/GDSx 548 amino acid;

FIG. 32 shows a nucleotide sequence (SEQ ID No.
from Thermobifida fusca;

FIG. 33 shows an amino acid sequence (SEQ ID No. 40)
from Thermobifida firsca/GDSXx;

FIG. 34 shows an amino acid sequence (SEQ ID No. 41)
from Corynebacterium efficiens/GDSx 300 amino acid;

39)
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FIG. 35 shows a nucleotide sequence (SEQ ID No.
from Corynebacterium efficiens;

FIG. 36 shows an amino acid sequence (SEQ ID No.
from S. coelicolor/GDSx 268 amino acid;

FIG. 37 shows a nucleotide sequence (SEQ ID No.
from S. coelicolor;

FIG. 38 shows an amino acid sequence (SEQ ID No.
from S. avermitilis;

FIG. 39 shows a nucleotide sequence (SEQ ID No.
from S. avermitilis;

FIG. 40 shows an amino acid sequence (SEQ ID No.
from Thermobifida fusca/GDSx;

FIG. 41 shows a nucleotide sequence (SEQ ID No.
from Thermobifida fusca/GDSx;

FIG. 42 shows an alignment of the [.131 and homologues
from S. avermitilis and T. fusca illustrates that the conserva-
tion of the GDSx motif (GDSY in[L131 and S. avermitilis and
T fusca), the GANDY box, which is either GGNDA or
GGNDL, and the HPT block (considered to be the conserved
catalytic histidine). These three conserved blocks are high-
lighted;

FIG. 43 shows SEQ ID No 17 which is the amino acid
sequence of a lipid acyltransferase from Candida parapsilo-
sis;

FIG. 44 shows SEQ ID No 18 which is the amino acid
sequence of a lipid acyltransferase from Candida parapsilo-
sis;

FIG. 45 shows a ribbon representation of the 1IVN.PDB
crystal structure which has glycerol in the active site. The
Figure was made using the Deep View Swiss-PDB viewer;

FIG. 46 shows 1IVN.PDB Crystal Structure—Side View
using Deep View Swiss-PDB viewer, with glycerol in active
site-residues within 10 A of active site glycerol are coloured
black;

FIG. 47 shows 1IVN.PDB Crystal Structure—Top View
using Deep View Swiss-PDB viewer, with glycerol in active
site—residues within 10 A of active site glycerol are coloured
black;

FIG. 48 shows alignment 1 of 1DEO (SEQ ID No. 120),
1IVN (SEQ ID No. 121), and P10480 (SEQ ID No. 34);

FIG. 49 shows alignment 2 of 1DEO (SEQ ID No. 120),
1IVN (SEQ ID No. 121), and P10480 (SEQ ID No. 34);

FIGS. 50 and 51 show an alignment of 1IVN (SEQ ID No.
121) to P10480 (SEQ ID No. 34) (P10480 is the database
sequence for A. hydrophila enzyme), this alignment was
obtained from the PFAM database and used in the model
building process;

FIG. 52 shows an alignment where P10480 is the database
sequence for Aeromonas hydrophila. This sequence is used
for the model construction and the site selection. Note that the
full protein (SEQ ID No. 25) is depicted, the mature protein
(equivalent to SEQ ID No. 34) starts at residue 19. A. sal is
Aeromonas salmonicida (SEQ ID No. 4) GDSX lipase, A.
hyd is Aeromonas hydrophila (SEQ ID No. 34) GDSX lipase.
The consensus sequence contains a * at the position of a
difference between the listed sequences;

FIG. 53 shows a gene construct used in Example 1;

FIG. 54 shows a codon optimised gene construct (no.
052907) used in Example 1; and

FIG. 55 shows the sequence of the Xhol insert containing
the LAT-KI.LM3' precursor gene (SEQ ID No. 115), the -35
and -10 boxes are underlined;

FIG. 56 shows BML780-KLM3'CAP50 (comprising SEQ
ID No. 16—upper colony) and BML780 (the empty host
strain—lower colony) after 48 h growth at 37° C. on 1%
tributyrin agar;

42)
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FIG. 57 shows a nucleotide sequence from Aeromonas
salmonicida (SEQ ID No. 49) including the signal sequence
(preLAT—positions 1 to 87);

FIG. 58 shows a nucleotide sequence (SEQ ID No. 50)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Aeromonas hydro-
phila;

FIG. 59 shows a nucleotide sequence (SEQ ID No. 51)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Aeromonas salmoni-
cida;

FIG. 60 shows a nucleotide sequence (SEQ ID No. 52)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Streptomyces coeli-
color A3(2) (Genbank accession number NC_ 003888.1:
8327480 . . . 8328367);

FIG. 61 shows a nucleotide sequence (SEQ ID No. 53)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Streptomyces coeli-
color A3(2) (Genbank accession number AL[.939131.1:
265480 . .. 266367);

FIG. 62 shows a nucleotide sequence (SEQ ID No. 54)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Saccharomyces cerevi-
siae (Genbank accession number Z75034);

FIG. 63 shows a nucleotide sequence (SEQ ID No. 55)
encoding a lipid acyl transferase according to the present
invention obtained from the organism Ralstonia;

FIG. 64 shows a nucleotide sequence shown as SEQ ID No.
56 encoding NCBI protein accession code CAB39707.1
GL:4539178 conserved hypothetical protein [Strepromyces
coelicolor A3(2)];

FIG. 65 shows a nucleotide sequence shown as SEQ ID No.
57 encoding Scoe2 NCBI protein accession code
CACO01477.1 GL:9716139 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];

FIG. 66 shows a nucleotide sequence shown as SEQ ID No.
58 encoding Scoe3 NCBI protein accession code
CABS88833.1 GI:7635996 putative secreted protein. [Strep-
tomyces coelicolor A3 (2)];

FIG. 67 shows a nucleotide sequence shown as SEQ ID No.
59 encoding Scoed NCBI protein accession code
CAB89450.1 GI:7672261 putative secreted protein. [Strep-
tomyces coelicolor A3(2)];

FIG. 68 shows a nucleotide sequence shown as SEQ ID No.
60, encoding Scoe5 NCBI protein accession code
CAB62724.1 G1:6562793 putative lipoprotein [Streptomyces
coelicolor A3(2)];

FIG. 69 shows a nucleotide sequence shown as SEQ ID No.
61 encoding Sriml NCBI protein accession code
AAKS84028.1 GI:15082088 GDSL-lipase [Streptomyces
rimosus|;

FIG. 70 shows a nucleotide sequence (SEQ ID No. 62)
encoding a lipid acyltransferase from Aeromonas hydrophila
(ATCC #7965);

FIG. 71 shows a nucleotide sequence (SEQ ID No 63)
encoding a lipid acyltransterase from Aeromonas salmoni-
cida subsp. Salmonicida (ATCC#14174);

FIG. 72 shows a nucleotide sequence (SEQ ID No. 24)
encoding an enzyme from Aeromonas hydrophila including a
xylanase signal peptide;

FIG. 73 shows the amino acid sequence of a mutant Aero-
monas salmonicida mature lipid acyltransferase (GCAT)
with a mutation of Asn80Asp (notably, amino acid 80 is in the
mature sequence)—shown herein as SEQ ID No. 16—and
after undergoing post-translational modification as SEQ ID
No. 68—amino acid residues 235 and 236 of SEQ ID No. 68
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are not covalently linked following post-translational modi-
fication. The two peptides formed are held together by one or
more S—S bridges. Amino acid 236 in SEQ ID No. 68 cor-
responds with the amino acid residue number 274 in SEQ ID
No. 16 shown herein;

FIG. 74a shows a conventional process for water degum-
ming/refining crude edible oil. At the end of the water degum-
ming the oil phase and the gum phase are separated. After this
the oil phase and gum phase may be further processed by
conventional/known methods;

FIG. 74b shows the process according to the present inven-
tion for water degumming/refining crude edible oil with an
enzyme. The oil phase obtained when the oil and gum phase
are separated has a much higher yield compared with the oil
phase of a comparative process (i.c. one shown in FIG. 74a—
i.e. water degumming without the addition of an enzyme).
The oil phase and/or gum phase may optionally undergo
further processing, such as further conventional processing

FIG. 75 shows a flow diagram of a lab scale water degum-
ming process according to the present invention;

FIG. 76 shows a diagram for analysis of the gum phase and
the oil phase following water degumming (i.e. Step 1 of FIG.
74a or b);

FIG. 77 shows the gum phase after 3 hours following water
degumming of crude soyabean oil in accordance with the
present invention;

FIG. 78 shows the % age gum after 30 minutes water
degumming with and without enzyme of crude soya oil;

FIG. 79 shows the effect of the amount of water (1.5, 2 or
2.5%) on the amount of gum following water degumming of
crude soya oil;

FIG. 80 shows the effect with and without enzyme by
degumming with different amounts of water (1.5, 2 or 2.5%)
on the amount of gum following water degumming of crude
soya oil with and without enzyme;

FIG. 81 shows the ppm of phosphorus in the oil phase
following water degumming of crude soya oil with different
dosages of enzyme. Column 1 is the control without enzyme;

FIG. 82 shows the % triglyceride in the gum phase follow-
ing water degumming of crude soya oil at different enzyme
dosages. Column 1 is the control without enzyme;

FIG. 83 shows the relative % PA in the gum phase follow-
ing water degumming of crude soya oil at different enzyme
dosages. Column 1 is the control without enzyme;

FIG. 84 shows the relative % PE in the gum phase follow-
ing water degumming of crude soya oil at different enzyme
dosages. Column 1 is the control without enzyme;

FIG. 85 Increased oil yield (%) obtained in enzymatic
degumming compared to control. Oils are centrifuged at dif-
ferent relative centrifuging force for 3 min;

FIG. 86 shows the content (%) of gum and amount of
triglyceride in gum, obtained from oils centrifuged at differ-
ent times (minutes shown in bars) and different relative cen-
trifuging forces are shown. Batch 3: control, 55° C., 4: with
enzyme (KLM3"), 55° C.;

FIG. 87 shows viscosity as a function of shear rate. Mea-
surements are based on gum from batch 1: control, 70° C. and
batch 2: with enzyme, 70° C.;

FIG. 88 shows oil yield (%) calculated from the amount of
gum (control) subtracted amount of gum (enzymatic sample);
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FIG. 89 shows results from TLC analysis of the gum phase.
Triglyceride content (%) in gums obtained from degumming
with increasing amount (0, 0.1, 0.2, 0.5, 1, 1.5 and 1.9 ml
4%-solution) of NaOH;

FIG. 90 shows GC-results. Contents (%) of FFA’s, phy-
tosterols and phytosterol esters in oils, degummed with
increasing ml of NaOH—Sample 1: control (without enzyme
and NaOH); Samples 2-8: enzymatic samples with KL.M3'
(0.1 TIPU-k/g) and increasing amounts (0,0.1,0.2,0.5,1, 1.5
and 1.9 ml 4%-solution) of NaOH;

FIG. 91 shows results from TLC analysis of the gum phase.
Relative degradation of phospholipids (PA, PE, PC and PI) in
gums. Sample 1: control (without enzyme and NaOH),
sample 2-7: enzymatic samples with KLM3' (0.1 TIPU-K/g)
and increasing ml of NaOH;

FIG. 92 shows microscopy analysis of gums from conven-
tional water degumming and enzymatic water degumming in
accordance with the present invention (pictures 200 and 400
magnifications at 25° C.);

FIG. 93 shows X-ray analysis on gum phases from con-
ventional and enzymatic degumming;

FIG. 94 shows sedimentation funnels (day 3). Left: control,
right: enzyme treated oil;

FIG. 95 shows microscopy analysis on gums from conven-
tional and enzymatic water degumming;

FIG. 96 shows increased oil yield obtained in enzymatic
degumming compared to the control;

FIG. 97 shows oil loss in the control and an enzymatic
water degummed sample (in accordance with the present
invention) carried out with 1, 1.5 and 2% water. Calculation
oil loss: (% gum/% triglyceride in gum)x100%;

FIG. 98 shows the relative degradation of phosphatidic
acid and phosphatidylethanolamine in enzymatic (KLM3")
gum samples compared to the control (no enzyme);

FIG. 99 shows viscosity measurements of enzymatic gum
phases, obtained from degumming with varying amount of
water (1.25, 1.5, 1.75 and 2%);

FIG. 100 shows Gum Phase from water degumming of
crude soya with KILM3', and with addition of acceptor as
shown in Table 1 of Example 9;

FIG. 101 shows the relative amount of phospholipid in gum
phase analysed by HPTLC;

FIG. 102 shows ICP analysis of phosphor in oil from water
degumming of crude soya oil (table 1 of Example 9);

FIG. 103: Example 13 TL.C (running buffer 1) of sample 1
to 9 after 30 minutes incubation;

FIG. 104: Example 13 TL.C (running buffer 1) of sample 1
to 9 after 240 minutes incubation;

FIG. 105: Example 13 TL.C (running buffer 6) of sample 1
to 9 after 30 minutes incubation.
PE=phosphatidylethanolamine, = PA=phosphatidic  acid,

PI=phosphatidylinositol and PC=phosphatidylcholine;

FIG. 106: Example 13 TL.C (running buffer 6) of sample 1
to 9 after 240 minutes incubation.
PE=phosphatidylethanolamine, = PA=phosphatidic  acid,
PI=phosphatidylinositol and PC=phosphatidylcholine;

FIG. 107: Example 13 Relative degradation of phospho-
lipids by enzymatic treatment of crude oil with lipid acyl-
transferase (KLM3'") and phospholipase C (PLC). 240 min-
utes reaction time;
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FIG. 108: Example 13 Phospholipid diglyceride acyltrans-
ferase reaction;

FIG. 109: Example 13 Interaction of Phospholipase C and
KLM3' on diglyceride (DAG) level in degumming of crude
soya oil;

FIG. 110: Example 13 TLC analysis;

FIG. 111 shows the effect of enzyme addition on triglyc-
eride;

FIG. 112 shows the effect of reaction time on triglyceride;

FIG. 113 shows TLC analysis of diglyceride/PC substrate 10

incubated with acyltransferase for 30 and 90 minutes as
detailed in Example 13;

FIG. 114 shows TLC analysis of diglyceride/PC substrate
incubated with acyltransferase for 30 and 90 minutes as
detailed in Example 13;

FIG. 115 shows the effect of acyltransferase enzyme on
triglyceride formation in a substrate of diglyceride/PC 80/20;

FIG. 116 shows the effect of incubation time on triglycer-
ide formation in a substrate of diglyceride/PC 80/20;

FIG. 117 shows a flow diagram for enzymatic water
degumming;

FIG. 118 shows TLC analysis of the gum phase samples
following water degumming at 55° C. and incubation for 0 d,
1 dor 7 d as detailed in Example 15; and

FIG. 119 shows TLC analysis of the gum phase samples
following water degumming at 45° C. and incubation for 0 d,
1 dor 7 d as detailed in Example 15.

EXAMPLE 1
Expression of KLM3' in Bacillus licheniformis

A nucleotide sequence (SEQ ID No. 49) encoding a lipid
acyltransferase (SEQ. ID No. 16, hereinafter KLM3") was
expressed in Bacillus licheniformis as a fusion protein with
the signal peptide of B. licheniformis [alpha]-amylase (LAT)
(see FIGS. 53 and 54). For optimal expression in Bacillus, a
codon optimized gene construct (no. 052907) was ordered at
Geneart (Geneart AG, Regensburg, Germany).

Construct no. 052907 contains an incomplete LAT pro-
moter (only the —10 sequence) in front of the LAT-KL.M3'
precursor gene and the LAT transcription (Tlat) downstream
of'the LAT-KL.M3' precursor gene (see FIGS. 53 and 55). To
create a Xhol fragment that contains the LAT-KI.M3' precur-
sor gene flanked by the complete LAT promoter at the 5' end
and the LAT terminator at the 3' end, a PCR (polymerase
chain reaction) amplification was performed with the primers
Plat5Xhol_FW and EBS2Xhol_RV and gene construct
052907 as template.

Plat5Xhol FW:
cceegetegaggettttettttggaagaaaatatagggaaaatggtact

tgttaaaaattcggaatatttatacaatatcatatgtttcacattgaaa

g999

EBS2Xhol RV:
tggaatctcgaggttttatectttaccttgtetec

PCR was performed on a thermocycler with Phusion High
Fidelity DNA polymerase (Finnzymes OY, Espoo, Finland)
according to the instructions of the manufacturer (annealing
temperature of 55 [deg.] C.).
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The resulting PCR fragment was digested with restriction
enzyme Xhol and ligated with T4 DNA ligase into Xhol
digested plCatH according to the instructions of the supplier
(Invitrogen, Carlsbad, Calif. USA).

The ligation mixture was transformed into B. subtilis strain
SC6.1 as described in U.S. Patent Application
US20020182734 (International Publication WO 02/14490).
The sequence of the Xhol insert containing the LAT-KL.M3'
precursor gene was confirmed by DNA sequencing (Base-
Clear, Leiden, The Netherlands) and one of the correct plas-
mid clones was designated plCatH-KL.M3'(oril) (FIG. 53).
plCatH-KI.M3'(oril) was transformed into B. licheniformis
strain BML780 (a derivative of BRA7 and BML612, see
WO02005111203) at the permissive temperature (37 [deg.]
C).

One neomycinresistant (neoR) and chloramphenicol resis-
tant (CmR) transformant was selected and designated
BML780(plCatH-KL.M3'(oril)). The plasmid in BML780
(plCatH-KL.M3'(oril)) was integrated into the catH region on
the B. licheniformis genome by growing the strain at a non-
permissive temperature (50 [deg.] C) in medium with 5 [mu]
g/ml chloramphenicol. One CmR resistant clone was selected
and designated BML780-plCatH-KI.M3'(oril). BML780-pl-
CatH-KIL.M3'(oril) was grown again at the permissive tem-
perature for several generations without antibiotics to loop-
out vector sequences and then one neomycin sensitive (neoS),
CmR clone was selected. In this clone, vector sequences of
plCatH on the chromosome are excised (including the neo-
mycin resistance gene) and only the catH-LATKL.M3' cas-
sette is left. Next, the catH-LATKILM3' cassette on the chro-
mosome was amplified by growing the strain in/on media
with increasing concentrations of chloramphenicol. After
various rounds of amplification, one clone (resistant against
50 [mu]g/ml chloramphenicol) was selected and designated
BML780-KLM3'CAP50. To verify KLM3' expression,
BML780-KLM3'CAP50 and BML780 (the empty host
strain) were grown for 48 h at 37 [deg.| C on a Heart Infusion
(Bacto) agar plate with 1% tributyrin. A clearing zone, indica-
tive for lipid acyltransferase activity, was clearly visible
around the colony of BML780-KLM3'CAP50 but not around
the host strain BML.780 (see FIG. 56). This result shows that
a substantial amount of KLM3' is expressed in B. lichenifor-
mis strain BML780-KLM3'CAP50 and that these KLM3'
molecules are functional.

COMPARATIVE EXAMPLE 1

Vector Construct

The plasmid construct is pCS32new N80D, which is a
pCCmini derivative carrying the sequence encoding the
mature form of the native Aeromonas salmonicida Glycero-
phospholipid-cholesterol acyltransferase with a Asn to Asp
substitution at position 80 (KLLM3"), under control of the p32
promoter and with a CGTase signal sequence.

The host strain used for the expression, is in the bacillus
subtilis OS21AAprE strain
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The expression level is measured as transferase activity,
expressed as % cholesterol esterified, calculated from the
difference in free cholesterol in the reference sample and free
cholesterol in the enzyme sample in reactions with PC (Tz..)
as donor and cholesterol as acceptor molecule.

Culture Conditions

5 ml of LB broth (Casein enzymatic digest, 10 g/l; low-
sodium Yeast extract, 5 g/l; Sodium Chloride, 5 g/l; Inert
tableting aids, 2 g/1) supplemented with 50 mg/l kanamycin,
was inoculated with a single colony and incubated at 30° C.
for 6 hours at 205 rpm. 0.7 ml of this culture was used to
inoculate 50 ml of SAS media (K,HPO,, 10 g/l; MOPS
(3-morpholinopropane sulfonic acid), 40 g/1; Sodium Chlo-
ride, 5 WI; Antifoam (Sin 260), 5 drops/I; Soy flour
degreased, 20 g/1; Biospringer 106 (100% dw YE), 20 g/1)
supplemented with 50 mg/l kanamycin and a solution of high
maltose starch hydrolysates (60 g/1). Incubation was contin-
ued for 40 hours at 30° C. and 180 rpm before the culture
supernatant was separated by centrifugation at 19000 rpm for
30 min. The supernatant was transferred into a clean tube and
directly used for transferase activity measurement.

Preparation of Substrates and Enzymatic Reaction

PC (Avanti Polar Lipids #441601) and cholesterol (Sigma
(C8503) was scaled in the ratio 9:1, dissolved in chloroform,
and evaporated to dryness.

The substrate was prepared by dispersion of 3% PC:Cho-
lesterol 9:1 in 50 mM Hepes buffer pH 7.

0.250 ml substrate solution was transferred into a 3 ml
glass tube with screw lid. 0.025 ml culture supernatant was
added and the mixture was incubated at 40° C. for 2 hours. A
reference sample with water instead of enzyme was also
prepared. Heating the reaction mixture in a boiling water bath
for 10 minutes stopped the enzyme reaction. 2 ml of 99%
ethanol was added to the reaction mixture before submitted to
cholesterol assay analysis.

Cholesterol Assay

100 pl substrate containing 1.4 U/ml Cholesterol oxidase
(SERVA Electrophoresis GmbH cat. No 17109), 0.4 mg/ml
ABTS (Sigma A-1888), 6 U/ml Peroxidase (Sigma 6782) in
0.1 M Tris-HCl, pH 6.6 and 0.5% Triton X-100 (Sigma
X-100) was incubated at 37° C. for 5 minutes before 5 ul
enzyme reaction sample was added and mixed. The reaction
mixture was incubated for further 5 minutes and OD,,5 was
measured. The content of cholesterol was calculated from the
analyses of standard solutions of cholesterol containing 0.4
mg/ml, 0.3 mg/ml, 0.20 mg/ml, 0.1 mg/ml, 0.05 mg/ml, and 0
mg/ml cholesterol in 99% EtOH.

Results

The table shows the average of 8 separate expression cul-
tures

a

Strain Tpe

OS21AAprE[pCS32new] 742 £10.1°

“Tpc is the transferase activity, expressed as % cholesterol esterified, calculated from the
difference in free cholesterol in the reference sample and free cholesterol in the enzyme
sample in reactions with PC as donor molecule and cholesterol as acceptor molecule.
"Average of 8 separate expression cultures
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EXAMPLE 2

Use of a Lipid Acyltransferase in Water Degumming

Materials and Methods
Enzyme:

KLM3" alipid acyltransferase taught in Example 1 having
SEQ ID No. 68 (Also referred to herein as “K9327)-1128
TIPU/ml
Oil:

SBO 1: Crude soya bean oil from Solae, Aarhus, DK.
27.09.2007 Delite (Based on beans from Canada)

SBO 2: Crude Soya Oil from Brazil

RSO 3: Crude extracted Rapeseed Oil from Aarhus
Karlshamn

RSO 4: Crude pressed Rapeseed Oil from Scanola, Aarhus,
DK

Soy Lecithin Mix Standard (ST16) from Spectra Lipid, Ger-
many

Methods:

HPTLC:

Applicator: Automatic TLC Sampler 4, CAMAG

HPTLC plate: 20x10 cm, Merck no. 1.05641. Activated 10
minutes at 160° C. before use.

Application:

Oil phase: 5 ul of a 8% solution of oil in Chloroform:Metha-
nol 2:1 was applied to the HPTL.C plate using Automatic TLC
Sampler.

Gum phase: Gum phase from 10 gram oil was dissolved in 7.5
ml chloroform:methanol 2:1.

1 pl of the sample was applied to the HPTLC plate.

TLC applicator.

Running buffer 6: Chloroform:1-propanol:Methylacetate:
Methanol: 0.25% KCl in water 25:25:25:10:9

Running buffer 5: P-ether:MTBE 30:70

Elution: The plate was eluted 7 cm using an Automatic Devel-
oping Chamber ADC2 from Camag.

Development:

The plate was dried in an oven for 10 minutes at 160° C.,
cooled, and dipped into 6% cupri acetate in 16% H,PO,.
Dried additionally 10 minutes at 160° C. and evaluated
directly.

After development the plates were scanned on a Camag
Scanner and the area of each component (spot) on the TLC
plate was calculated.

Calculation
Oil Phase:

The amount of phospholipid in the oil phase was calculated
by analysing a Standard lecithin with known concentrations
of phospholipids (PE, PA, PI, PC, PS) at different concentra-
tions on the same TLC plate as the oil samples. Based on the
standard mixture a calibration curve for each phospholipid
was produced and used for calculation of the phospholipid
concentration of each phospholipid in the oil sample. Based
on the mol weight of the concentration of phospholipids were
converted to ppm P (phosphorus).

Gum Phase:

The content of triglyceride in the gum phase was calculated
based on analysing a standard refined vegetable oil on the
same plate as the gum phase. Based on the analysis of the



US 9,228,211 B2

63

vegetable oil a calibration curve was produced and used for
calculation of the triglyceride in the gum phase.

The analysis of the phospholipids in the gum phase was
based on applying different volumes of the gum phase from
the control (without enzyme added) on the same plate as the
other gum phases. Based on the analysis of phospholipids (PE
and PA) in the control gum phase a calibration curve was
produced and used for calculation of the amount of phospho-
lipids in the enzyme treated samples relative to the amount of
phospholipid in the control which was defined as 100%.

pH Measurement:

The pH of samples from oil degumming was analysed by a
fluorescence method described in http:/www.3i-usa.com/
downloads/hydrop_man.pdf, i.e. The pH measurement was
conducted by using a HydroPlate® HP96C from Presens,
Josef Engert Str. 11, D-93053 Regensburg, Germany.

The HydroPlate® is a sterile, polystyrene microtiter plate
in the common 96-well format with 96 integrated sensors. A
sensor is immobilised on the bottom of each well. The sensor
can be read out from the bottom side. This can be done by
almost any commercially available fluorescence plate reader.
The assay is bases on 2 different, fluorescent dyes: A pH-
sensitive indicator and an inert reference dye. This combina-
tion ensures a precise, internally referenced signal for achiev-
ing the most exact results of the experiments.

pH can alternatively be measured by using a pH electrode
according Bo Yang et al JAOCS, Vol. 83, No. 7 (2006) pp
653-658.

Determination of Water in Oil

Residual water in the oil is determined by AOCS method
Ca 2¢-25 or equivalent.

GLC Analysis

Perkin Elmer Autosystem 9000 Capillary Gas
Chromatograph equipped with WCOT fused silica
column 12.5 m x 0.25 mm ID x 0.1 p film thickness 5%
phenyl-methyl-silicone (CP Sil 8 CB from Chrompack).

Carrier gas: Helium.

Injector. PSSI cold split injection (initial temp 50° C. heated
to 385° C.), volume 1.0 pl

Detector FID: 395° C.

Oven program (used since 30 Oct. 2003): 1 2 3
Oven temperature, ° C. 90 280 350
Isothermal, time, min. 1 0 10
Temperature rate, ° C./min. 15 4

Sample preparation: 50 mg sample was dissolved in 12 ml
Pyridin, containing internal standard heptadecane, 0.5
mg/ml. 500 ul sample solution was then transferred to a crimp
vial, 100 ul MSTFA:TMCS—99:1 (N-Methyl-N-trimethyl-
silyl-triffuoraceamid) was added and reacted for 20 minutes
at 60° C.

Calculation: Response factors for sterol, sterol palmitate and
sterol stearate were determined from pure reference material
(weighing pure material 8-10 mg in 12 ml Pyridin, containing
internal standard heptadecane, 0.5 mg/ml.).
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Enzyme Assay, TIPU
Substrate:
0.6% L-oo Phosphatidylcholine 95% Plant (Avanti

#441601), 0.4% Triton-X 100 (Sigma X-100), and 5 mM
CaCl, were dissolved in 0.05M HEPES buffer pH 7.

Assay Procedure:

34 ul substrate was added to a cuvette, using a KonelLab
automatic analyzer. At time T=0 min, 4 pl enzyme solution
was added. Also a blank with water instead of enzyme was
analyzed. The sample was mixed and incubated at 30° C. for
10 minutes.

The free fatty acid content of sample was analyzed by using
the NEFA C kit from WAKO GmbH.

Enzyme activity TIPU pH 7 was calculated as micromole
fatty acid produced per minute under assay conditions.

Degumming Procedure Lab Scale.

100 g crude soya oil was scaled into a 250 ml Blue Cap
flask with lid and heated to 50° C. or 55° C. or 60° C. or 65°
C.or70°C.

Water was then added to the oil followed by enzyme addi-
tion. The oil was homogenised with an Ultra Turrax mixer for
30 seconds, and then agitated for 30 minutes with magnetic
stirring at 450 rpm.

After 30, 120 or 180 minutes, 10 ml oil was transferred to
a 12 ml centrifuge tube (previously scaled). The oil was
heated to 97° C. in a boiling water bath for 10 minutes, and
then immediately centrifuged at 5000 g for 5 minutes.

Oil was decanted from the gum phase and the tubes were
drained for 30 minutes and the weight of both phases mea-
sured. (See FIG. 75).

The oil phase was analysed for free sterols, sterol esters and
free fatty acids by GL.C, and the oil phase was also analysed
by TLC. (See FIG. 76).

Results

EXAMPLE 2a

In this experiment KI.M3' was tested in the water degum-
ming process of crude SBO 1.

Different dosages of KLM3' from 0.1 to 0.5 TIPU/g oil
were tested and also the impact of Ultra Turrax mixing was
tested.

The Table below together with FIG. 77 show a clear reduc-
tion of the gum phase and improved oil yield (in the oil phase)
in the samples treated with KLM3'.

An increase of about 2% oil was seen and there was a
tendency that an increased yield was obtained by increasing
the enzyme dosage.

The mixing also had an impact on the gum phase. It was
seen that Ultra Turrax treatment of the oil for 30 sec just after
enzyme addition gave a smaller gum phase, but the effect of
the enzyme addition was almost the same with or without
Ultra Turrax mixing. In the industry it is normal to pump the
oil through a static mixer or a dynamic mixer after water
addition, and in order to imitate this at laboratory scale it was
decided to use Ultra Turrax mixing.
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2460-150 (Example 2a) 1* 2 3 4 5% 6 7 8
Crude Soya oil Solae d. 27 Sept. 2007 g 100 100 100 100 100 100 100 100
KLM3' 100 TIPU/ml ml 0 0.1 0.25 0.5 0 0.1 0.25 0.5
Extra Water ml 2.00 1.90 1.75 1.50 2.00 1.90 1.75 1.50
TIPU/g oil 0.00 0.10 0.25 0.50 0.00 0.10 0.25 0.50
% water 2 2 2 2 2 2 2 2
Ultra Turrax - - - - + + + +
pH 5.39 5.7 591 5.72 5.55 5.99 5.72 5.49
Gum Phase, % 8.48 6.36 5.73 4.76 6.19 4.63 4.44 4.19
Oil Phase % 91.5 93.6 94.3 95.2 93.8 95.4 95.6 95.8
*control without enzyme addition

EXAMPLE 2b EXAMPLE 2¢

15

Two different crude SBOs were tested in water degumming
according to standard procedure with or without the addition

In this experiment different dosages of KLM3' were tested
in water degumming of SBO 2 at 50° C. Different levels of
water, namely 1.5%, 2% and 2.5%, were also tested in the
process with and without addition of enzyme.

of'the KLLM3' enzyme. The enzyme dosage was 0.25 TIPU/g. Recipe
2460-152 (Example 2c) 1 2 3 4 5 6 7 8
SBO2 g 100 100 100 100 100 100 100 100
KLM3' 100 TIPU/ml  ml 0 01 025 04 0 025 0 0.25
Extra Water ml 200 1.90 175 1.60 150 125 250 225
TIPU/g oil 0.00 010 025 040 000 025 000 025
% water 2 2 2 2 15 15 25 25
pH 532 592 572 559 558 573 530 581
Recipe The results shown in the tables and also in FIG. 78, F1G. 79,
FIG. 80, FIG. 81, FIG. 82, FIG. 83 and FIG. 84 below clearly
2460-151 (Example 2b) 1 2 3 4 indicate a reduced amount of gum phase and because the sum
. . I
SBO 1 . 10 100 of gum phase and oil phase is 100% it is concluded that the
SBO 2 100 100 40 acyltransferase (KLM3') contributes to improvement in oil
KLM3' 100 TIPU/m!  ml 0 025 0 0.25 S .
Extra Water ml 200 175 200 175 yield in the oil phase.
TIPU/g oil 0.00 025 000 025
% water 2 2 2 2 L
pH 578 575 5.73 5.68 It was also observed that the content of phospholipid in the
45 gum phase was reduced in the enzyme treated samples. Both

The results shown in the table below indicate a clear reduc-
tion of the gum phase both after 30 minutes and 120 minutes
reaction time, which corresponds to a higher oil yield. Analy-
sis of sterol and sterol ester in the oil phase showed a high
conversion of sterol to sterol ester in the enzyme treated
samples. It is also observed that the amount of free fatty acid
(FFA) increased, because a hydrolytic activity also had taken

place.

Results
2460-151 SBO1 SBO 1 SBO 2 SBO 2
KLM3', U/g oil 0 0.25 0 0.25
% Gum, 30 min 6.20 5.21 5.66 4.80
% Gum, 120 min 5.59 4.86 5.24 3.90
% Oil, 30 min 93.8 94.79 94.34 95.2
% Oil, 120 min 94.41 95.14 94.76 96.1
Oil Phase
FFA total 0.37 0.53 0.64 0.85
Sterols 0.31 0.09 0.27 0.07
Sterol ester 0.14 0.47 0.12 0.50
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the phosphatidylethanolamine (PE) and phosphatidic acid
(PA) were reduced in the gum phase relative to the amount of
these phospholipids in the gum phase without enzyme treat-
ment. The amount of triglyceride in the gum phase was also
smaller in the enzyme treated gum phases, which also con-
firms that the increase in oil yield (in the oil phase) in the

enzyme treated samples.

The amount of water added to the crude soya oil also
showed as expected an impact on the amount of gum phase,
but the results also confirmed the effect of acyltransferese on
yield at different water addition relative to the control without
enzyme addition (see FIG. 80).

In the water degumming experiments the pH was in the
range of 5.5 to 6 which explains high enzyme activity at low

dosage and a high conversion of sterol to sterol esters.
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Results
2460-152 1 2 3 4 5 6 7 8
Gum phase
Gum, 30 min % 648 514 568 519 573 485 7.06 6.03
Gum, 120 min % 579 588 48 494 565 507 612 596
TLC analysis
Phosphor ppm 66 73 64 58 76 62 65 62
PA, %rel. 100 61 45 35 86 47 105 50
PE %rel. 100 45 24 18 88 26 102 34
Triglyceride % 65 26 37 29 62 41 62 38
GLC analysis
FFA, % 063 071 078 087 057 079 057 0.73
Free Sterols 027 012 006 005 027 006 026 011
Sterol Esters 018 041 047 051 012 053 013 040

The analyses were made in duplicate and the results were 20 the amino acid sequence shown herein as SEQ ID No. 68),

used for Statistical evaluation of results using StatGraphic S 70° C,,
Plus software. Batch 3: control, 55° C. and
Batch 4: with enzyme (namely the lipid acyltransferase
EXAMPLE 2d K932—sometimes referred to herein as KLM3'—which has

In order to investigate the effect of KLM3' on oil yield at tshsi aleno acid sequence shown herein as SEQ ID No. 68),
different temperature the enzyme was tested in water degum- ’
ming of SBO2 at 55, 60, 65 and 70° C.

Recipe
Batch
30 1 2 3 4
2460-154, 155, 156 and 157 1 2 3 4 Journal no.
SBO 2 g 100 100 100 100 Amount 2460-158 2460-160
KLM3' 100 TIPU/ml ml 0 010 020 030
Extra Water ml 2.00 1.90 1.80 1.70 Crude Soya Oil kg 20 20 20 20
TIPU/g oil 000 010 020 030 K932, 1128 TIPU/ml il 0 355 0 3.55
% water 2 2 2 2 35 Extra Water ML 40030 396.10 4001 39647
TIPU-K/g oil 0.00 02 000 02

. . Water % 2 2 2 2

The results shown in the Table below clearly illustrate the

effect of KLM3' on the amount of gum phase. A dosage 0of 0.1 . .
TIPU/g oil at all temperatures gave a significant reduction in Water Degumming Pilot Plant Procedure .

- 40 The oil was initially heated under N, coverage and agita-
the amount of gum. Increasing the amount of enzyme to 0.2 L .

40.3 further decreased the sum phase a little tion in a 50-11t.er tank. Aﬁe;rwards, water (and enzyme) was
and . gum p ’ added to the oil. In the initial experiments (batches 1 and 2),
Results . . ..

. . the oil was re-circulated after addition of the water and

% Gum phase by water degumming of SBO 2 at different - h - Sil Chesham Swed
temperature, reaction times and enzyme dosages enzyme, using a homogenizer ( Srverson, . esham Swe en).

P ’ ’ 45 In batches 3 and 4 only a re-circulation pump was used to
lower the agitation in the tank.

Temper Reaction Emyme Enzyme  Enzyme  Enzyme Oil .samples were collected (batches. l.-4) for laborat.ory
ature time 0 01 02 03 analysis after 30 minutes of enzyme activity and placed in a
°C.  minutes TIPU/g TIPU/g TIPU/g  TIPU/g boiling water bath (10 minutes) in order to inactivate the

50 enzyme. Inactivation of the remaining oil in the tank was done
55 30 6.53 477 5.12 5.54 by heatine the oil t0 75° C P itati Sub "
0 30 6.64 483 A7 455 y heating the oil to 7 . (gn er agitation). Subsequently,
65 30 6.79 5.63 5.05 494 centrifuging was carried out in a preheated (hot water) cen-
70 30 6.49 4.58 4.36 4.23 trifuge (Alfa Laval) and the oil phase was tapped in buckets
55 120 629 4.94 4.72 4.80 and weighed. Different centrifuge capacity adjustments were
60 120 5.79 476 447 4.05 tested. it ¢ iblet tor (h ted h
6 120 670 537 484 539 55 tested, it was not possible to monitor the separated gum phase,
70 120 5.05 4.41 3.39 3.00 as the volume of the centrifuge was too large compared to the
amount of oil. The gum phase was, thus, collected from the lid
of the centrifuge, where it had accumulated.
EXAMPLE 3 Laboratory Water Degumming and Centrifuging
60 100 gcrude soya oil was scaled into a 250 ml blue cap flask
Enzymatic Water Degumming in Pilot Plant with lid and heated to 55° C. Water was added to the oil
followed by enzyme addition. The oil was homogenised
Recipe using an Ultra Turrax mixer for 30 seconds, and then agitated

Ingredients applied in pilot water degumming trials. for 30 minutes with magnetic stirring at 450 rpm. After 30

Batch 1: control, 70° C., 65 minutes, 10 ml oil was transferred to a 12 ml centrifuge tube

Batch 2: with enzyme (namely the lipid acyltransferase
K932—sometimes referred to herein as KLM3'—which has

(previously scaled). The oil was heated to 97° C. in a boiling
water bath for 10 minutes, and then immediately centrifuged
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at different relative centrifuging forces (500, 1000, 2500 and
5000) for varying times (3, 6 and 10 minutes).

Oil was decanted from the gum phase, and the tubes were
drained for 15 minutes, and the weights of both phases were
measured. The oil phase was analysed for free phytosterols,
sterol esters and free fatty acids by GLC, and the oil phase was
analysed by HPTLC.

Results and Discussion
Oil Yield

FIG. 85 shows the increased oil yield obtained from enzy-
matic degumming of crude soybean oil in accordance with the
present invention compared to the control. The oil, is centri-
fuged at increasing relative centrifuging force (rcf) (500,
1000, 2500 and 5000) for 3 minutes and oil yield is calculated
from amount (%) of gum in the control subtracted amount of
gum in enzymatic samples.

Clearly it is seen that the oil yield increases in enzymatic
degumming compared to the control and that the oil yield
increases with decreasing rcf.

Effect of Centrifugation

The amount of triglycerides in gums and amount of gum,
obtained from oil samples centrifuged at different times (min-
utes in bars) are shown for batches 3 and 4 in FIG. 86.

The results illustrate that rcf affects the amount (%) of gum
obtained from conventional degumming (blue bars). Initially,
at low rct (500-1000), the amount of gum is high (high trig-
lyceride content) compared to the amount obtained at relative
centrifuging forces of 2500 to 5000. Centrifuging time (3, 6
and 10 minutes) does not seem to affect the amount of gum, at
least not when centrifuged at 5000 rd.

Inspecting the gum obtained from enzymatic degumming
according to the present invention, the amount does not seem
to be affected by rcf and time. Without wishing to be bound by
theory this may be explained by differences in viscosity
between gums obtained from conventional and enzymatic
degumming according to the present invention. In FIG. 87,
measurements of the viscosity, based on gum phases, are
shown. The viscosity decreases with increasing shear rate for
both types of gum, however, the viscosity decreases to a
higher extent in gums obtained from enzymatic degumming
in accordance with the present invention.

Besides, increased oil yield, the decreased viscosity
achieved with the present invention may have other benefits
for an industrial water degumming processing. It is likely that
production capacity may be increased.

EXAMPLE 4

Evaluation of NaOH in Water Degumming of Crude
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Water Degumming Lab Procedure

100 g crude soya oil was scaled into a 250 ml blue cap flask
with lid and heated to 55° C. Water and NaOH was added to
the oil followed by enzyme addition. The oil was homoge-
nised using an Ultra Turrax mixer for 30 seconds and agitated
for 30 minutes with magnetic stirring at 450 rpm. After 30
minutes, approximately 10 ml oil was transferred to a 12 ml
centrifuge tube (previously scaled). The oil was heated to 97°
C. in a boiling water bath for 10 minutes.

Results and Discussion
Analysis of Oil Yield

FIG. 88 shows the increased oil yield, obtained from enzy-
matic degumming with KLM3' (namely the lipid acyltrans-
ferase K932—sometimes referred to herein as KLM3'—
which has the amino acid sequence shown herein as SEQ 1D
No. 68) (0.1 TIPU-K/g) and increasing amount of NaOH (0,
0.1,0.2,0.5,1, 1.5 and 1.9 ml 4%-solution). Calculations are
based on the amount of gum in the control subtracted the
amount of gum in enzymatic samples.

Highest oil yield increase is achieved by enzymatic degum-
ming without NaOH and generally increased oil yield (%)
decreases with increasing amount of NaOH. This most likely
may be explained from the increased saponification of trig-
lycerides with increasing amount of NaOH. However,
inspecting the triglycerides in the control and enzymatic gum
samples (FIG. 89), the content is not markedly higher in
NaOH-treated gums than usually observed without NaOH.
Thelevel of triglyceride in enzymatic samples without NaOH
likewise is comparable to previous observations.

Analysis of Fatty Acids, Phytosterols and Phytosterol Ester in
Oil

The content of phytosterols, phytosterol esters and free
fatty acids in the control and enzymatic degummed oils is
depicted in FIG. 90. The content of phytosterol esters
increases from 0.19% (control) to 0.42% (0.2 ml NaOH),
where it reaches a maximum. After this point the phytosterol
esters decrease to 0.15%. Accordingly, an initial decrease of
phytosterols from 0.3-0.12%, followed by an increase from
0.12-0.28%, is observed.

The FFA’s similarly increase to the point of pH 6.3 (0.2 ml
NaOH), most likely because of increased saponification.

The results clearly illustrate that running the water degum-
ming at higher pH increases the transferase activity of the
lipid acyltransferase KLM3'. Even a slight increase in pH
(e.g. 0.1 ml NaOH) increases the formation of phytosterol
esters with approximately 50%, almost without affecting the
formation of FFA’s in the oil (increases 0.02%). The increase
in FFA’s is important to consider, as the FFA’s evaporate
during the deodorization step and thus are regarded as oil loss.
Analysis of Phospholipid Content in Oil

Table 2 shows the content (ppm) of phospholipids (phos-

Soy Bean Oil phatidyl-ethanolamine and phosphatidic acid) in oils (control
and enzymatic samples) degummed with increasing amount
Recipe (0,0.1,0.2, 0.5, 1 and 1.9 ml) of NaOH.
TABLE 1
Samples for water degumming trials

Journal 2460-181 1 2 3 4 5 6 7 8
Crude soya bean oil g 100 100 100 100 100 100 100 100
K932100 TIPU/ml  ml 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
4% NaOH-solution ml 0 0 0.1 0.2 0.5 1 1.5 1.9
Extra Water ml 2.00 1.90 1.80 1.70 140 090 040 0.0
TIPU-K/g oil 000 010 010 010 010  0l0 010  0.10
% water 2 2 2 2 2 2 2 2
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TABLE 2

Content (ppm) phosphor from PA, PE, PC and total phosphor
in oils, degummed with increasing amount (0, 0.1, 0.2,
0.5, 1, 1.5 and 1.9 ml) of 4%-NaOH-solution.

Sample

pH 53 59 63 66 74 78 82 83
KLM3' 0 01 01 01 01 01 01 0.1
(TIPU-K/g)

NaOH (ml) 0 0 01 02 05 1 1.5 1.9
PA 340 338 353 384 368 367 348 388
PE 68 59 50 56 49 40 350 46
PC 1.9 08 0 0 0 07 28 09
Total phosphor  42.8 40.6 402 441 41.8 415 426 443

content

Highest reduction (40.2 ppm) of phosphor is observed in
oils, degummed with 0.1 ml NaOH (pH 6.3), however, a
comparable content is obtained under normal degumming
conditions (0 ml NaOH). Hence, it appears that increasing the
pH 1.0 unit does affect the hydrolytic activity of KLM3'. At
pH higher than 6.3 (>0.2 ml NaOH), a reduced phospholipid
degradation is observed compared to “normal” enzymatic
conditions.

Analysis of Phospholipid Content in Gum

FIG. 91 shows the relative degradation of phosphatidic
acid (PA), phosphatidyl-ethanolamine (PE), phosphatidyl-
choline and phosphatidylinositol (PI) in enzymatic gum
samples compared to the control. The degradation of phos-
pholipids in the control is set to 100% and the content in
enzymatic samples is calculated relatively to the control.

The degradation of phospholipid in enzymatic samples
with 0, 0.1 and 0.2 ml NaOH is analogous. Hence, applying
NaOH in amounts less than 0.2 ml does not impair the deg-
radation of phospholipids compared to enzymatic degum-
ming with KLM3' only. On the contrary, reduced degradation
is observed in oils with NaOH applied in higher amounts (0.5,
1 and 1.9 ml).

Conclusion

Increasing the pH with NaOH in water degumming of
crude soy bean oil turned out, as expected, to increase the
activity of KLM3'". Formation of phytosterol esters increased
concurrent with increasing amount of NaOH. Maximum phy-
tosterol ester level (0.42%) was obtained at pH 6.3 (0.2 ml
NaOH), where after a continuous decrease followed. A simi-
lar pattern was observed for the FFA’s in the oil, which
increased from 0.46% in the control to 0.60% in oils,
degummed with 0.2 ml NaOH, where after it decreased.

Small amounts of NaOH did not affect the hydrolytic activ-
ity of KLLM3', as observed from comparable levels of phos-
pholipids in oils, degummed with 0 and 0.1 ml NaOH. Deg-
radation of phospholipids in the gum phase was reduced
compared to normal enzymatic degumming (KL.M3' only) at
pH above 7.5 (>0.5 ml NaOH).

Highest oil yield increase was achieved by enzymatic
degumming without NaOH and generally the % increased oil
yield decreased with increasing amount of NaOH.

The conclusion of the present experiment is that small
amounts of NaOH may be advantageous for the formation of
phytosterol esters in water degumming, however, NaOH does
not add positively to the oil yield and phospholipid degrada-
tion.
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EXAMPLE 5

Analysis of Gum Phase from Enzymatic Water
Degumming

Microscopy and X-Ray Analysis

Recipe
1 2
Crude Soya oil Solae g 100 100
K932 100 TIPU-K/ml ml 0 0.20
Extra Water ml 2.00 1.80
TIPU-K/g oil 0.00 0.20
% water 2 2

Water Degumming Laboratory Procedure

100 g crude soya oil was scaled into a 250 ml blue cap flask
with lid and heated to 55° C. Water was added to the oil
followed by enzyme addition. The oil was homogenised
using an Ultra Turrax mixer for 30 seconds and agitated for 30
minutes with magnetic stirring at 450 rpm. After 30 minutes,
the oil was centrifuged (2000 rcf for 3 minutes). The gum
phase was taken for microscopy- and x-ray analysis.
Results and Discussion
Microscopy/X-Ray Analysis

Gums from control and enzymatic water degumming trials
(the latter in accordance with the present invention) were
collected for microscopy and x-ray analysis. The gum phases
were studied in the microscope (plane polarised light) at
different temperatures (25, 35, 45, 55 and 65° C.). At all
temperatures the gum was in a lamellar phase (lipid bi-layers
separated by water layers), as seen for the control and enzy-
matic sample (25° C.) in FIG. 92.

Some differences appear between the control and enzy-
matic sample. The control gum appears coarser than the enzy-
matically gummed sample in accordance with the present
invention. Differences between the control and enzymatic
sample also can be observed from x-ray analysis, as seen in
FIG. 93.

The larger spacing of approximately 20 A in the control
compared to the enzyme treated sample corresponds to the
length of a fatty acid chain (C18). The spacing expresses the
water and phospholipid layer, hence, the larger spacing in the
control could explain that the control contains an extra mono-
layer of fatty acids or that more water is absorbed in the gum
phase.

EXAMPLE 6
Sedimentation Study
Recipe
1 2
Crude Soya oil Solae g 200 200
K932 100 TIPU-K/ml ml 0 0.4
Extra Water ml 4.00 3.60
TIPU-K/g oil 0.00 0.20
% water 2 2
Procedure
200 g crude soya oil was scaled into a 250 ml blue cap flask

with lid and heated to 55° C. Water was added to the oil
followed by enzyme addition. The oil was homogenised
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using an Ultra Turrax mixer for 30 seconds and agitated for 30
minutes with magnetic stirring at 450 rpm. After 30 minutes,
the samples were placed in separation funnels. Pictures of the
gum phase were taken after 1, 3 and 6 days. After day six, the
gums were taken for microscopy analysis.
Results
Pictures of Gum Phases/Microscopy

In FIG. 94 the oil and gum phase can be seen for the control
and enzymatic sample. Sedimentation by gravity has been

74

and drained for 15 minutes by turning the tube upside down.
Based on the weight of the gum phase the oil yield was
calculated.
Results and Discussion
Oil Yield

FIG. 96 shows the increased oil yield obtained from enzy-
matic water degumming of crude soybean oil with varying
amounts of water. Increased oil yield is calculated from the
amount of gum in the control subtracted amount of gum in

carried out for 3 days. Clear differences exist between the 10 enzymatic samples.
control and enzymatic sample, as seen from both the oil and Enzymatic degumming attributes to an increased oil yield
gum phase. compared to the control and it appears that the oil yield
The oil phase of enzymatic treated oil (i.e. treated in accor- increases with decreasing amount of water. The oil yield
dance with the present invention) is clearer than the control approximately increases 50% in enzymatic degumming com-
and a decreased amount of gum is observed compared to the 15 pared to the control, when water is reduced from 2 to 1%.
control. The results may be explained from microscopy These calculations are based on amount of gum and hence
analysis (FIG. 95). The enzymatic treated gum is observed as also include the triglyceride content in the gum phase.
an emulsion, while the control gum is lamellar phase. Inspecting the actual oil loss (based on amount of gum and
triglyceride content in gum) (FIG. 97), the oil loss decreases
EXAMPLE 7 20 in the control with increasing water content. However, in
enzymatic degumming, the oil loss is somewhat unaffected
Evaluation of Varying Amount of Water in by amount of water. Approximately 2% oil is lost in enzy-
Enzymatic Degumming of Crude Soybean Oil matic degumming compared to 3.5-6.5% in the control.
The decreased amount of water in enzymatic water degum-
Recipes ming may be a financial advantage for the industry (less
Journal 2460-165 1 2 3 4 5 6 7 8
Crude Soya oil Solae G 100 100 100 100 100 100 100 100
K932 100 TIPU-K/ml Ml 0 0.2 0 0.2 0 0.2 0 0.2
Extra Water Ml 100 0800 150 130 200 1.8 250 230
KLM3' activity (TIPU-K/g oil) 000 020 000 020 000 020 000 020
% water 1 1 L5 15 2 2 2.5 2.5
Journal 2460-169 1 2 3 4 5 6
Crude Soya oil Solae g 100 100 100 100 100 100
K932 100 TIPU-K/ml ml 0.2 0.2 0.2
Extra Water ml 100 150 200 080 130  1.80
KLM3' activity (TIPU-K/g oil) 020 020 020
% water 1 1.5 2 1 1.5 2
Journal 2460-170 1 2 3 4 5 6 7 8 9 10
Crude Soya oil Solae g 100 100 100 100 100 100 100 100 100 100
K932 100 TIPU-K/ml ml 0 0 0 0 0 0.2 0.2 0.2 0.2 0.2
Extra Water ml 100 125 150 175 200 080 105 130 155 1.80
KLM3' activity (TIPU-K/g oil) 000 000 000 000 0 020 020 020 020 020
% water 100 125 150 175 200 100 125 150 175 200
55
Water Degumming Laboratory Procedure process water) and most likely also with regard to energy
100 g crude soya oil was scaled into a 250 ml blue cap flask savings d}]r.lng the dry 1%1g O.f the gum phase.
with lid and heated to 55° C. Water was added to the oil Phosphohp¥d Degradatl.on in Gum Phase o
followed by enzyme addition. The oil was homogenised 60 The rel.atlve degradatl.on (%) o.fphosphatldlc.amd (PA)and
using an Ultra Turrax mixer for 30 seconds and agitated for 30 pho SP hatldylethanolarplne (PE).m the enzymatic gum phases
. . . . relative to the control is shown in FIG. 98.
minutes with magnetic stirring at 450 rpm. After 30 minutes, .. . . ,
. . . Phospholipid degradation with KLM3' appears to be more
approximately 10 ml oil was transferred to a 12 ml centrifuge -
3 B o pronounced at lower water concentrations. In overall enzy-
tube (previously scaled). The oil was heated to 97° C.ina 5 atic degumming with KLM3' and 1% water appears to be an

boiling water bath for 10 minutes. The tubes were centrifuges
at300 rcf for 3 minutes. Oil was decanted from the gum phase

advantage in respect to phospholipid degradation compared
to degumming with 2% water.
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Viscosity Measurements of the Gum Phase

The viscosity of enzymatic (KLM3' 0.2 TIPU-K/g) gum
phases, from degumming with different amounts of water is
shown in FIG. 99. The viscosity is not markedly affected by
the different water content. Atlower shear rate (up to approxi-
mately 10) the viscosity is somewhat similar for all samples,
however, after this point the viscosity of samples with lowest
amount (1.25%) of water increases, while gum samples high-
est amount (2%) of water increases.

EXAMPLE 8
Water Degumming of Crude Corn Oil

Abstract

Lipid acyltransferase, KLM3' (sometimes referred to as
K932 and having the amino acid sequence shown herein as
SEQ ID No. 68 was tested in a crude corn oil with the aim to
study effects on oil yield in water degumming of this oil.
Materials and Methods
Enzyme:

KLM3'K932. 1128 TIPU/g
Oil:

Crude corn oil from Cargill, May 2008
Degumming Procedure:

100 g crude corn oil was scaled into a 250 m1 Blue Cap flask
with lid and heated to 55° C.

Water and enzyme was added and the oil was homogenised
with an Ultra Turrax mixer for 30 seconds, and then agitated
for 30 minutes with magnetic stirring at 450 rpm.

After 30 minutes, 10 ml oil was transferred to a 12 ml tarred
centrifuge tube and the oil weight noticed. The oil was heated
to 97° C. in a boiling water bath for 10 minutes, and then
immediately centrifuged at 3000 rcf for 3 minutes.

Oil was decanted from the gum phase and drained for 15
minutes by turning the tube upside down. Based on the weight
of'the gum phase the oil yield was calculated relative to an oil
not treated with enzyme.

The gum phase was then analysed by HPTLC, and the
degradation of the phospholipids in the gum phase was cal-
culated.

Results

The oil degumming process was conducted with different

concentrations of KLM3'

TABLE 1

Recipe for degumming of Crude Corn Oil

2460-182 1 2 3 4 5
Crude Corn oil g 100 100 100 100 100
K932 100 ml 0 0.050 0.10 0.20 0.50
TIPU-K/ml

Extra Water ml 2.00 1.95 1.90 1.80 1.50
TIPU/g oil 0.00 0.05 0.10 0.20 0.50
% water 2 2 2 2 2

The samples were treated as described in ‘degumming
procedure’ and the amount of wet gum was determined in
duplicate with results shown below.

TABLE 2

Gum Phase, % from water degumming of crude corn oil

Sample Enzyme, Units/g Gum Phase Yield increase
1 0 6.0 0.00
2 0.05 5.7 0.28
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TABLE 2-continued

Gum Phase, % from water degumming of crude corn oil

Sample Enzyme, Units/g Gum Phase Yield increase
3 0.1 5.5 0.44
4 0.2 5.6 0.36
5 0.5 5.6 0.38

From the result in table 2 it is seen that KLM3' contribute
to a decrease in the amount of gum phase by water degum-
ming of crude corn oil. The reduced amount of gum phase
corresponds to an increase in the oil phase of 0.28 to 0.44%.

The gum phase isolated from water degumming of crude
corn oil was analysed by TL.C and the reduction of phosphati-
dylethanolamine and phosphatidic acid was calculated rela-
tive to the amount in the gum without enzyme treatment.
(Table 3)

TABLE 3

TLC analysis of Gum phase.

Enzyme dosage PA PE
TIPU/g oil Relative % Relative %

0 100 100

0.05 88 85

0.1 73 68

0.2 75 72

0.5 72 64

PE = phosphatidylethanolamine
PA = Phosphatidic acid

The results from table 3 indicate the activity of KLM3' on
phospholipids in crude corn oil. An increased enzyme activity
is seen up to a dosage of 0.1 TIPU/g oil. At higher enzyme
dosage the activity on the phospholipids levels off.

EXAMPLE 9

Water Degumming of Crude Soya Oil, and Addition
of Acceptors

Lipid acyltransferase, KLM3', was tested in an crude soya
bean oil from Solae with the aim to study effects of adding
acceptor substrate for the enzyme KILM3'.

In this study a phytosterol product Generol 122 from Hen-
kel, Germany, and a fatty alcohol, laurylalcohol was tested.

Addition of phytosterol to the oil produced more sterol
ester concomitant with a reduction of free fatty acid forma-
tion. It is concluded that a higher degree of phospholipid
conversion can be achieved without increased fatty acid pro-
duction when more acceptor substrate is available.
Materials and Methods
Enzyme:

KIL.M3' K932 (having amino acid sequence shown as SEQ
ID No. 68-1128 TIPU/g
Phytosterol from soya: Generol 122 N, from Griinau, llertis-
sen, Germany.

Laurylalcohol: Sigma [.-5375
Oil:

Crude Soya Bean oil from Solae, January 2008

Soy Lecithin Mix Standard (ST16) from Spectra Lipid,
Germany.

Degumming Procedure:

100 g crude soya oil, phytosterol and layrylalcohol was
scaled into a 250 ml Blue Cap flask with lid and heated to 55°
C. The phytosterol was completely dissolved in the oil before
further processing.
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Water and enzyme was added and the oil was homogenised
with an Ultra Turrax mixer for 30 seconds, and then agitated
for 30 minutes with magnetic stirring at 450 rpm.

After 30 minutes, 10 ml oil was transferred to a 12 ml tarred

centrifuge tube and the oil weight noticed. The oil was heated 5

to 97° C. in a boiling water bath for 10 minutes, and then
immediately centrifuged at 3000 rcf for 3 minutes.

Oil was decanted from the gum phase and drained for 15
minutes by turning the tube upside down. Based on the weight
of the gum phase the oil yield was calculated.

The oil phase and the gum phase was then analysed by
HPTLC, and the amount of triglyceride in the gum phase and
the degradation of the phospholipids in the oil phase was
calculated
Results

The oil degumming process was conducted with different
concentrations of KILLM3, phytosterol and fatty alcohol as
shown table 1.

TABLE 1

1

1
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TABLE 2

GLC analyses of oil phase form water
degumming of samples (see table 1)

Sample Free fatty acids, % Sterols % Sterol ester, %
1 0.46 0.30 0.20
2 0.55 0.15 0.40
3 0.54 0.36 0.45
4 0.52 0.60 0.40
5 0.50 0.83 0.38
6 0.55 0.69 0.63
7 0.86 0.12 0.47
8 0.80 0.65 0.64
9 0.53 0.20 0.39

The gum phase isolated by water degumming of samples
(table 1) were analysed by HPTLC and the degradation of

Recipe for degumming of Crude Soya Oil

2460-182 1 2 3 4 5 6 7 8 9
Crude Soya oil, Solae g 100 100 100 100 100 100 100 100 100

d. 16 Jan. 2008

K932 100 TIPU-K/ml ml 0 0.20 0.20 0.20 0.2 0.2 1 1 0.2
General 122 N g 0 0.25 0.50 0.75 0.75 0.75

4% NaOH ml 0.2

Lauryl alcohol g 0.5
Extra Water ml 2.00 1.80 1.80 1.80 1.80 1.80 1.00 1.00 1.80
pH 4.90 5.65 5.55 5.48 5.41 6.18 5.29 5.27 5.57
TIPU/g oil 0.00 0.20 0.20 0.20 0.20 0.20 1.00 1.00 0.20
% water 2 2 2 2 2 2 2 2 2

The samples were treated as described in ‘degumming
procedure’ and the amount of wet gum was determined in
duplicate with results shown in FIG. 100.

Addition of increasing amount of phytosterol did not con-
tribute to any decrease in % gum, and pH adjustment (trial 6)
did not have any significant effect on the amount of gum
although there is a tendency to more gum in this trial. Addi-
tion of 0.2 TIPU/g of KLLM3' had a significant effect on the
gum content, and it was shown that an increase to 1 TIPU/g
further decreased the amount of gum. Lauryl alcohol did not
have any effect on the amount of gum.

The oil phase separated from the gum was analysed for free
fatty acids, sterols and sterol esters by GLC.

The results in table 2 indicate an increase of 0.09% free
fatty acid by enzymatic treatment with 0.2 TIPU/g (sample 2),
but it is observed that sample 3 to 5 with increased level of
phytosterols contains less free fatty acids. Also in sample 7
and 8 treated with 1 TIPU/g a reduction in free fatty acids is
observed when more sterol is added to the oil. These results
indicate that the hydrolytic reaction decreases with increased
mount of sterols in the oil.

It should then be expected that the amount of sterol ester
increase with increase sterol in the oil. This is also seen for
sample 3, but with increased amount of sterols (sample 4 and
5), the amount of sterol esters does not change. Even a ten-
dency to decreased amount of sterol ester in sample 5 is
observed, but this is within the experimental error. Adjusting
the pH by addition of NaOH however has a strong effect on
sterol ester formation as seen before. Increased amount of
enzyme (sample 7 and 8) also contribute to increase in sterol
ester formation.
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certain phospholipids phosphatidylethanolamine (PE) and
phosphatic acid (PA) were quantified relative to the control
sample no 1. (FIG. 101)

The results in FIG. 101 indicate an increased degradation
of PA and PE when 0.25% sterol is added,

But increased dosage (0.5 and 0.75% sterol) does not con-
tribute to further phospholipid degradation. This is in agree-
ment with the observation about the effect on sterol ester
formation (see table 2). pH adjustment with NaOH also has a
strong effect on phospholipid degradation, but this is related
to more enzyme activity with increased pH.

It is also seen that increase in enzyme dosage to 1 TIPU/g
further degrades the phospholipids.

The oil phase isolated form the water degumming was
analysed by ICP with the aim to analyse the amount of
residual phosphor in the oil.

The results in FIG. 102 indicate that the level of phosphor
in the oil is not very much dependent of the amount of sterol
in the oil, but the results indicate that increased enzyme dos-
age (1 TIPU/g) has an effect on the phosphor level. Addition
of laurylalcohol (C12-alcohol) has a negative effect on the
level of phosphor in the oil phase.

Conclusion.

Addition of lipid acyltransferase KLM3' to crude oil
catalyses the transfer of fatty acid moiety from phospholipid
to sterol, during formation of sterol esters. On a molecular
level the amount of sterol is less than Y3 of the amount of
phospholipids in crude soya oil. Because the acyl acceptor
sterol is the limiting factor for KLM3' in crude soya oil, the
hydrolysis reaction might occur depending on enzyme dos-
age and reaction time.

In this study it was found that the addition of more sterol to
the crude oil will produces more sterol ester, when the oil is
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treated with lipid acyltransferase KLM3', and the amount of
free fatty acids formed is reduced compared with an oil where
no sterol was added.

Addition of extra sterol does not have much impact in the
level of phosphor in the oil phase after water degumming, but
it is observed that increased dosage of KL.M3' reduces the
level of phosphor in the oil phase. Addition of 0.5% lauryla-
Icohol did not have much eftect on the level of free fatty acid
and no laurylalcohol ester was seen by GLC analysis.

EXAMPLE 10

Combination of a Lipid Acyltransferase and a
Phospholipase C

Materials and Methods
Enzyme:

Lipid Acyltransferase KI.M3' K932. 1128 LATU/g (hav-
ing the amino acid sequence shown herein as SEQ ID No. 68)

Phospholipase C, Sigma P7633 15 Units/mg
Oil:

Crude Soya Bean oil from Solae, Aarhus, DK
Degumming Procedure

100 g crude soya oil is scaled into a 250 m1 Blue Cap flask
with 1lid and heated to 55° C. 0.14 ml 50% citric acid mono-
hydrate is added. The oil is homogenised with an Ultra Turrax
mixer for 30 seconds, and then agitated for 15 minutes with
magnetic stirring at 450 rpm. 0.367 ml 1N NaOH is added
followed by 2.5% water and 5 Units/g oil of Phospholipase C.
The oil is again homogenised with an Ultra Turrax mixer for
30 seconds and agitated at 450 rpm with magnetic stirrer.
After 2 hours reaction time 0.2 LATU/g oil of enzyme Lipid
acyltransferase KL.M3' is added and the reaction is continued
for one hour more with stirring.

The oil is heated to 97° C. in a boiling water bath for 10
minutes, and then immediately centrifuged at 3000 rcf for 3
minutes.

Oil phase is decanted from the gum phase. The weight of
the gum phase the oil phase is measured.

The oil phase is analysed for residual phospholipids by
TLC, and ppm phosphor is analysed by ICP. Free sterol, sterol
ester, free fatty acid and diglyceride are analysed by GLC.

The gum phase is analysed for triglyceride, diglyceride,
residual phospholipids and free fatty acid.

The degradation of phospholipids in the gum phase is
analysed by TLC
Results

The degumming process with a combination of lipid acyl-
transferase and phospholipase C is expected to increase the
oil yield by more than 2% compared with an oil without
enzyme treatment. Initial studies suggest that diglyceride has
been produced in the oil phase in the enzyme treated sample.

In the oil phase after centrifugation a main part of the
sterols will be esterified.

Preliminary investigations show that the phosphor level is
below 5 ppm in the oil phase and a strong degradation of
phospholipids in the gum phase. (i.e. Phosphatidylcholine
(PC) and phosphatidylethanolamine (PE) almost completely
disappearing and a strong degradation of phosphatidylinosi-
tol (PI) and phosphatidic acid (PA)).

EXAMPLE 11

Lipid Acyltransferase in Combination with
Phospholipase C

Materials and Methods

Enzyme:
Lipid Acyltransferase KL.M3' K932. 1128 LATU/g
Phospholipase C Sigma P7633 15 Units/mg
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Oil:

Crude Soya Bean oil from Solae, Aarhus, DK
Degumming Procedure

100 g crude soya oil is scaled into a 250 ml Blue Cap flask
with lid and heated to 55° C.

3% water is added followed by 0.1 Units/g oil of Acyltrans-
ferase KLM3' and 5 Units Phospholipase C. The oil is
homogenised with an Ultra Turrax mixer for 30 seconds, and
then agitated for 30 minutes with magnetic stirring at 450
rpm.
After 30 minutes, 10 ml oil is transferred to a 12 ml tarred
centrifuge tube and the oil weight noticed. The oil is heated to
97° C.1in a boiling water bath for 10 minutes, and then imme-
diately centrifuged at 3000 rcf for 3 minutes.

Oil phase is decanted from the gum phase and drained for
15 minutes by turning the tube upside down. Based on the
weight of the gum phase the oil yield is calculated. The oil
phase is analysed for residual phospholipids by TLC and ICP.
Free sterol, sterol ester, free fatty acid and diglyceride are
analysed by GLC.

The gum phase is analysed for triglyceride residual phos-
pholipids and free fatty acid.

Results

Preliminary investigations suggest that the water degum-
ming process with a combination of Lipid acyltransferase and
phospholipase C results in a significant increase in the oil
yield with more than 2% compared with an oil without
enzyme treatment. Initial studies show that diglyceride is
produced in the oil phase and a main part of the sterols in the
oil phase is esterified.

EXAMPLE 12

Enzymatic Degumming with Lipid Acyltransferase
KIL.M3 and Phospholipase C (PLC)

Materials and Methods
Enzyme:

Lipid Acyltransferase KLM3' K932. 1128 LATU/g

Phospholipase C Sigma P7633 15 Units/mg
Oil:

Crude Soya Bean oil from Solae, Aarhus, DK
Degumming Procedure

100 g crude soya oil is scaled into a 250 ml Blue Cap flask
with lid and heated to 55° C.

3% water is added followed by 5 Units/g oil of Phospho-
lipase C. pH is adjusted to 5.5 with NaOH. The oil is homoge-
nised with an Ultra Turrax mixer for 30 seconds, and then
agitated for 15 minutes with magnetic stirring at 450 rpm.
After 15 minutes a sample is taken out and 0.1 Units/g oil of
Acyltransferase is added. The oil is agitated for a further 15
minutes at 55° C.

After 2x15 minutes reaction time, 10 ml oil is transferred to
a 12 ml tarred centrifuge tube and the oil weight noticed. The
oil is heated to 97° C. in a boiling water bath for 10 minutes,
and then immediately centrifuged at 3000 rct for 3 minutes.

Oil is decanted from the gum phase and drained for 15
minutes by turning the tube upside down. Based on the weight
of the gum phase the oil yield is calculated.

The oil phase is analysed for residual phospholipids by
TLC and ICP. Free sterol, sterol ester, free fatty acid and
diglyceride are analysed by GLC.

The gum phase is analysed for triglyceride residual phos-
pholipids and free fatty acid.

Results

Initial studies suggest that the water degumming process
using a combination of Lipid acyltransferase and phospholi-
pase C increases the oil yield by more than 2.5% compared
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with an oil without enzyme treatment. Preliminary investiga-
tions suggest that diglyceride has been produced after 15
minutes in the oil phase.

A main part of the sterols in the oil phase will be esterified.

Preliminary investigations show that after 15 minutes a
main part of the phosphatidylethanolamine (PE) and phos-
phatidylcholine (PC) has disappeared but less activity may be
seen on phosphatidylinositol (PI) and phosphatidic acid (PA).
In the sample after 30 minutes and centrifugation also a main
part of the PI and PA will have disappeared.

EXAMPLE 13

Enzymatic Degumming with Lipid Acyltransferase
KIL.M3 and Phospholipase C (PL.C)

Lipid Acyltransferase KL.M3' and Phospholipase C (PLC)
from Sigma were tested alone and in combinations in water
degumming of crude soya oil. Phospholipase C in o0il degum-
ming produced diglyceride from phospholipids in the oil. It
was surprisingly shown that KLLM3' can use the diglyceride as
an acceptor molecule during production of triglyceride.
Model experiments with substrate containing diglyceride and
phosphatidylcholine confirmed that lipid acyltransferase
(KLM3') catalyzes a transfer reaction of fatty acid moiety
from phospholipid to diglyceride during production of trig-
lyceride.

Commercial Relevance of the Results

This study was initiated with the aim to show that the
combination of KLM3' and Phospholipase C (PLC) is highly
advantageous when degumming of crude vegetable oils.

A phospholipase C from Verenium, U.S. (namely Puri-
fine®) has been introduced for use in oil degumming (WO
2008/036863).

This enzyme is active on phospholipids (such as phosphati-
dylcholine and phosphatidylethanolamine) in crude oil form-
ing diglyceride (diacylglycerol) and phosphor-choline, -etha-
nolamine, -inositol or -acid. Diglyceride produced during this
process will form part of the oil during the oil degumming
process and thus contribute to improved oil yield.

The inventors have shown that lipid acyltransferases (such
as KILM3'") can contribute to improved yield in oil degum-
ming by modification of the phospholipids concomitant with
sterol ester formation.

Lipid acyltransferases (such as KLLM3') can use sterols as
an acyl acceptor as well as other acceptors like alcohols
including fatty alcohols.

The aim of the current study was to investigate any syner-
gistic effect when a lipid acyltransferase (e.g. KLM3') was
used in combination a phospholipase C.

Material and Methods:

KILM3":Glycerophospholipid cholesterol acyltransferase
(FoodPro LysoMax Oil) (K932) (SEQ ID No. 68) Lot no
102629600. Activity 1128 LATU/g

Phospholipase C P7633 Sigma, from Clostridium perfrin-
gens, 135.3 mg solid: 3.8 unit/mg solid, 13.2 unit/mg
protein

Phospholipase C P6621 Sigma, from Bacillus cereus, 250
Units

Diglyceride. Destilled diglyceride from sunflower oil, Jour
2641/064

Phosphatidylcholine, Avanti #441601

Mono-di-triglyceride: GRINDSTED® MONO-DI R 50/D

Crude soya oil no 18: from, Argentina
HPTLC Analysis

The degradation of phospholipids in the gum phase from
enzyme treated samples was analysed by HPTLC.
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Applicator: Automatic TLC Sampler 4, CAMAG
HPTLC plate: 20x10 cm, Merck no. 1.05641. Activated 10
minutes at 160° C. before use.
Application:

Gum phase from 10 gram oil was dissolved in 7.5 ml
Hexan:Isopropanol 3:2.

1 pl of the sample was applied to the HPTLC plate.

A phospholipid standard (0.5% phospholipid (Spectra
Lipid, Germany) was applied (0.1,0.3,0.5,0.8 and 1.5 ul) and
used for the calculation of the individual phospholipids in the
gum.

In some applications the phospholipid content was calcu-
lated relative to a control gum not treated with enzyme. This
control sample was applied 0.1-0.3-0.5-0.8-1 ul and used for
making calibrations curves.

Oil phase. Approximately 90 mg was scaled and dissolved
in 1 ml Hexan:Isopropanol 3:2.

5 wl of the sample was applied to the HPTLC plate. Mono-
diglyceride 5 mg/ml of known concentration was applied at
0.1-0.3-0.5-0.8-1.5 pl and used for calculation of individual
glyceride components
TLC Applicator.

Running buffer no. 1: P-ether:Methyl Tert Butyl Ketone:
Acetic acid 50:50:1

Running buffer no 6: Chloroform:1-propanol:Methylacetate:
Methanol: 0.25% KCl in water 25:25:25:10:9

Elution: The plate was eluted 7 cm using an Automatic Devel-
oping Chamber ADC2 from Camag.

Development:

The plate was dried on a Camag TLC Plate Heater III for 6
minutes at 160° C., cooled, and dipped into 6% cupri acetate
in 16% H;PO,. Additionally dried 10 minutes at 160° C. and
evaluated directly.

The density of the components on the TLC plate was analy-
sed by a Camag TLC Scanner 3.

Gas Chromatography

Free fatty acid in the gum phase was analysed by GLC.

Mono-di-triglyceride, sterol and sterol ester of the oil
phase was also analysed by GLC
Apparatus:

Perkin Elmer Autosystem 9000 Capillary Gas Chromatograph equipped
with WCOT fused silica column 12.5 m x 0.25 mm ID x 0.1y film
thickness 5% phenyl-methyl-silicone (CP Sil 8 CB from Chrompack).
Carrier gas: Helium.

Injector: PSSI cold split injection (initial temp 50° C. heated to 385° C.),
volume 1.0 pl

Detector FID: 395° C.

Oven program (used since 30 Oct. 2003): 1 2 3
Oven temperature, © C. 90 280 350
Isothermal, time, min. 1 0 10

Temperature rate, ° C./min. 15 4

Sample Preparation:

The sample was dissolved in 12 ml Heptane:Pyridin, 2:1
containing internal standard heptadecane, 0.5 mg/ml. 500 pl
sample solution was transferred to a crimp vial, 100 pl
MSTFA (N-Methyl-N-trimethylsilyl-trifluoraceamid) was
added and reacted for 15 minutes at 60° C.

Calculation:

Response factors for sterol, sterol ester, free fatty acids,
mono- di- and tri-glyceride were determined based on pure
reference material.

Experimental:

Acyltransferase KLM3' and PL.C was tested in a water
degumming process using crude soya oil with the recipes
shown in Table 1
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TABLE 1
1 2 3 4 5 6 7 8 9
Crude soya oil from Argentinan g 10 10 10 10 10 10 10 10 10
Phospholipase C P7633 ml 0.2 0.2 0.2
Phospholipase C P6621 0.2 0.2 0.2
K932 10 U/ml ml 0.01 0.05 001 0.05 0.01 0.05
Water ml 0250  0.050 0040 0.000 0240 0200 0050 0040  0.000
% water 250 250 250 250 250 250 250 250 250
Phospholipase C P7633 Sigma, From C. perfringens, TABLE 3-continued
135.3 mg solid:3.8 unit/mg solid, 32.9 mg enzyme in 0.5 ml
water TLC analysis of oil phase after 240 minutes reaction time.
I.’hosphohpase.: CP6621 Sigma, From Bacillus cereus, 250 |5 1oq Phospholipase C  Phospholipase C K932 DAG
Units dissolved in 1 ml water no. P7633 Ulg P6621 Ulg LATU/g sn_1,2%
Acyltransferase KLM3' (K932) diluted to 10 LATU/ml B p 0 001 0.60
The crude soya was heated to 45° C. in a 20 ml Wheaton 4 5 0 0.05 0.50
glass. Water and enzyme was added. 5 0 0 0.01 0.34
The sample was homogenized by high shear mixing for 30 20 g 8 2 8'05 %Z
seconds. ) ) 8 0 5 0.01 1.04
The samples were placed on a heating block at 45° C. with 9 0 5 0.05 1.01
magnetic agitation.
Samples of 1 ml were taken out after 30 and 240 minutes in 5 The results from Tables 2 and 3 above clearly indicate the

an Eppendorf tube and the enzymes inactivated for 10 min-
utes at 97° C. Notably although deactivation of the enzyme is
carried out in the experiments—this is not generally done in
practice in industry. The deactivation is only carried out in the
experiments herein so that an accurate analysis of the enzyme
degradation.

The samples were centrifuged at 3000 rcf for 3 minutes.
The oil phase was separated from the gum phase, and both
phases were analysed by TL.C and GLC.

Results
TLC Analysis

Samples taken out after 30 minutes and 240 minutes were
analysed by TL.C with results shown in FIGS. 103 to 106.

The TLC plates (FIG. 103 and FIG. 104) were scanned and
used for quantitative determination of 1,2 diglyceride (DAG
snl,2) with results shown in Table 2 and 3 below.

The relative degradation of the phospholipids are shown in
FIG. 107.

TABLE 2

TLC analysis of oil phase after 30 minutes reaction time.

Test  Phospholipase C Phospholipase C K932 10 DAG
0. P7633 Ulg P6621 Ulg U/ml LATU/g  sn_1,2%
1 0 0 0 0.33
2 5 0 0 0.72
3 5 0 0.01 0.67
4 5 0 0.05 0.60
5 0 0 0.01 0.37
6 0 0 0.05 0.29
7 0 5 0 1.28
8 0 5 0.01 1.22
9 0 5 0.05 1.19
TABLE 3
TLC analysis of oil phase after 240 minutes reaction time.
Test Phospholipase C Phospholipase C K932 DAG
no. P7633 U/g P6621 U/g LATU/g  sn_1,2%
1 0 0 0 0.27
2 5 0 0 0.64
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formation of diglyceride caused by the PLC degradation of
phospholipids. It is observed that with the dosage of PLC
used the formation of sn 1,2 diglyceride has already reached
its maximum after 30 minutes reaction time. It is also
observed that the amount of sn 1,2 diglyceride decreases with
increased dosage of KLM3' when used in combination with
PLC.

This effect was observed for both phospholipase C
enzymes but the effect was most pronounced when KLM3'
was combined with Phospholipase C P7633 Sigma, from C.
perfringens. This is most probably explained by the fact that
PLC from C. perfringens only degraded a small part of the
phospholipids, so more substrate was available for KLM3'.

The results in FIG. 107 also clearly show that Phospholi-
pase C P7633 Sigma, from C. perfringens is mainly active on
phosphatidylcholine (PC), and Phospholipase C P6621
Sigma, from Bacillus cereus has main activity on phosphati-
dylcholine (PC) and phosphatidylethanolamine (PE) and less
activity on phosphatidic acid (PA) and phosphatidylinositol
(PI). The results also proof that KLM3' can use all four types
of phospholipids.

It is therefore concluded that acyltransferase KI.M3' can
use sn 1,2 diglyceride as an acceptor molecule and catalyses
the reaction in FIG. 108.

GLC Analysis

The samples no 1 to 6 of oil phase from the experiment in
Table 1 were also analysed by GLC.

The GLC analysis of total diglyceride (DAG), sterol sterol
ester and FFA are listed in Table 4 below.

TABLE 4

GLC analysis of oil phase after 30
minutes and 240 minutes incubation

sample PLC KLM3 Reaction DAG Sterol Sterol FFA
no Ulg Ulg Time minutes % % ester% %
1 0 0 30 134 025 012 022
2 5 0 30 2.58 026 013 021
3 5 0.05 30 239 018 026 022
4 5 0.1 30 2.10 0.09 042 0.28
5 0 0.05 30 143 015 033 022
6 0 0.1 30 124 006 049 033
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TABLE 4-continued

GLC analysis of oil phase after 30
minutes and 240 minutes incubation.

sample PLC KLM3 Reaction DAG Sterol Sterol FFA
no Ulg Ulg Time minutes % % ester% %
1 0 0 240 1.63 022 013 020
2 5 0 240 233 025 013 0.20
3 5 0.05 240 2.13 0.08 045 0.29
4 5 0.1 240 2.08 0.04 048 043
5 0 0.05 240 1.69 004 049 032
6 0 0.1 240 1.68 004 050 056

The GLC analysis of samples taken out after 30 and 240
minutes reaction time confirmed what was already observed
by TLC analysis, that Phospholipase C P7633 Sigma, from C.
perfringens produced diglyceride from the phospholipids in
the oil. The results also confirm the synergistic effect by
reduced amount of diglyceride when Phospholipase C is
combined with KI.M3'. A statistical evaluation by ANOVA
using Statgraphic software of the effect of PLC and KLM3' on
the amount of diglyceride clearly indicates the interaction
effect between these two enzymes, see FIG. 109.

PLC had no significant effect on the sterols in the oil but
KLM3' converts free sterols to sterols esters. Sterols are a
better acceptor molecule than DAG for KLM3' and therefore
only 10-15% of the DAG in the reaction mixture were con-
verted to triglyceride.

PLC does not have much impact on the level of free fatty
acids (FFA) but it is observed that KLM3' in the high dosage
and at extended reaction time contribute to increased level of
FFA.

Jour. 2460-224:

Without wishing to be bound by theory the decrease in
diglyceride by combining acyltransferase (KL.M3') and phos-
pholipase C (PLC) may be caused by substrate (phospho-
lipid) competition when the two enzymes are used together.

In order to prove that KLM3' is able to use diglyceride as
acceptor and catalyse the reaction mentioned in FIG. 108 a
model experiment with the recipe shown in Table 5 below was
conducted.

TABLE §

Recipe for investigation of acyltransferase effect of
KIM3' on diglyceride/phosphatidylcholine substrate.

Diglyceride/PC 80/20 g 3 3 3 3 3 3
Acyltransferase KLM3": 0.01
300 LATU/g
Buffer

Water 3% salt
Buffer: 1 100 mM X X

Acetate pH 5.5

Buffer 2: 100 mM X X

HEPES pH 7

Buffer 3. 100 mM X X
MES pH 6

0.03
0.01

0.03

Distilled diglyceride based on sunflower oil and phosphati-
dylcholine (PC) was mixed during heating and agitation to
80° C. until PC dissolved in the diglyceride.

The substrate was scaled in a 7 ml Dram Glass with screw
lid and heated to 55° C. Enzyme, buffer and water was added,
and the sample was agitated with magnetic stirring at 450
rpm.

After 30 and 180 minutes a sample was taken and analysed
by TLC (FIG. 110).
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The TLC plate was scanned and the triglyceride content in
the samples was quantified from a standard curve made form
the analysis of Canola oil with results shown in Table 6 below.

TABLE 6
Buffer Enzyme Reaction Triglyceride

pH Ulg time minutes %

5.5 0 30 142
5.5 1 30 1.74
6 0 30 1.63
6 1 30 1.79
7 0 30 1.49
7 1 30 1.55
5.5 0 180 1.75
5.5 1 180 1.79
6 0 180 1.76
6 1 180 1.80
7 0 180 1.67
7 1 180 2.01

The results shown in Table 6 were analysed statistically by
ANOVA using Statgraphic software with results shown in
FIGS. 111 and 112.

The statistical evaluation of the triglyceride results from
Table 6 confirm a significant increase in amount of triglycer-
ide by addition of acyltransferase KLM3' to a substrate con-
taining diglyceride and phosphatidylcholine.

Jour 2460-228

The experiment mentioned above in Table 5 was studied in
further detail to investigate the effect of higher level of water
on the transfer reaction of fatty acid moiety from phospho-
lipid to diglyceride during formation of triglyceride. The
experimental set up is listed in Table 7 below.

TABLE 7

Recipe for investigation of acyltransferase effect of
KI.M3' on diglyceride/phosphatidylcholine substrate.

Diglyceride/Phosphatidylcholine g 3 3 3 3 3
80/20

Acyltransferase KLM3': 1128 ml 0 0.01 0.01 0.01 0.01
LATU/ml

Buffer: 1 100 mM Acetate ml 0.05 0.5 0.05 0.05

pHS5.5

Water ml  0.01 0.09 0.165 0.14
% water 2.00 2.00 3500 7350 500
LATU/g substrate 0.0 3.8 3.8 38 3.8

Distilled diglyceride based on sunflower oil and phosphati-
dylcholine (PC) was mixed during heating and agitation to
80° C. until PC dissolved in the diglyceride.

The substrate was scaled in a 7 ml Dram Glass with screw

lid and heated to 55° C. Enzyme, buffer and water was added,
and the sample was agitated with magnetic stirring at 450 rpm

After 30, 90 and 240 minutes a sample was taken and
analysed by TLC

TLC chromatograms are shown in FIG. 113 and FIG. 114.

The TLC plates were scanned and the content of triglycer-
ide in the samples calculated based on a calibration curve
made from triglyceride (Canola Oil). The results of triglyc-
eride determination is shown in Table 8.
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TABLE 8

Triglyceride analysis in diglyceride/PC substrate
incubated with acyltransferase KLM3'

Triglyceride, % Triglyceride, % Triglyceride, %

Test no 30 minutes 90 minutes 240 minutes
1 1.33 1.36 1.58
2 1.55 1.91 2.56
3 1.59 2.02 2.65
4 1.57 1.81 2.29
5 1.56 1.91 2.46

The results in Table 8 were analysed statistically by
ANOVA using Statgraphic software with results shown in
FIG. 115 and FIG. 116.

The results from Table 8 and FIG. 115 and FIG. 116 clearly
demonstrate the ability of acyltransferase KL.M3' to produce
triglyceride from a substrate of diglyceride and phosphatidyl-
choline.

Conclusion

Lipid acyltransferase KLM3' as well as phospholipase C
(PLC) are known to contribute to increased oil yield in
degumming of vegetable oil.

The effect of lipid acyltransferase KIL.M3' in oil degum-
ming is based on a transfer reaction of fatty acid moiety from
phospholipids to sterol during production lysophospholipids
and sterol esters.

The effect of phospholipase C (PLC) relies on the conver-
sion of phospholipids into diglyceride and water soluble
phosphor-derivatives. The diglyceride produced in this reac-
tion will accumulate in the oil phase by the degumming
process, but it is not always preferable to have high diglycer-
ide in the oil because it will have an impact on the smoke point
of the oil and will also have an impact in the crystallisation
properties of more saturated fat sources.

In the current study lipid acyltransferase KLM3' and Phos-
pholipase C (PLC) were tested alone and in combination in a
water degumming process. The experiments showed that
PLC in the water degumming of soya oil produces diglyceride
which forms part of the oil phase. When PLC was used in
combination with KLLM3' it was surprisingly shown that the
amount of diglyceride produced by PL.C was reduced and the
sterol was converted to sterol esters indicating a synergistic
effect between these two enzymes because KLM3' catalyses
the transfer reaction of fatty acid moiety from phospholipid to
diglyceride during formation of triglyceride.

The transfer reaction catalyzed by KLM3' of fatty acid
moiety from phospholipid to diglyceride during formation of
triglyceride was confirmed in a model system composed of
diglyceride and phospholipid.

The results also showed that the two phospholipids tested
do not have the same activity on all types of phospholipids,
but KILM3 has almost the same activity on all four types of
phospholipids found in crude soya oil. This also opens the
possibility to use Phospholipase C in combination with
KLM3' in order to get a further conversion of phospholipids.

EXAMPLE 14

Use of KLM3' in Water Degumming of Crude Soya
0il

Vegetable oil including soya bean oil contains 1 to 3%
phospholipids, which are removed by an oil degumming pro-
cess. The oil degumming process is normally divided into a
water degumming process and a neutralisation process.
Crude Soya bean oil with 1-3% phospholipids can not be
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shipped for export without water degumming aimed at reduc-
ing the phosphor level down to 200 ppm Phosphor or below to
meet the specification for water degummed crude oil.

Ifthe phosphor level is much lower than 200 ppm then this
can be disadvantageous. Typically conventional degumming
results in a phosphor level post-centrifugation of about 50
ppm. This is because it is not possible to control the centrifuge
to give levels of phosphor which are less than 200 ppm but as
close as possible to this level.

In contrast in the present case the use of the lipid acyltrans-
ferase the water degummed oil might preferably be adjusted
to about 180 ppm phosphor.

Adjustment of the phosphor level in the enzymatic water
degumming process of the present invention can preferably
be done by adjusting the interphase between gum and oil in
the centrifuge to get a little more phospholipid into the oil
phase. In a conventional water degumming process the gum
phase is however very thick and viscous, and it is therefore not
easy to adjust the interphase in the centrifuge.

The present inventors have surprisingly found that when
lipid acyltransferase (e.g. KLM3') is used in the water degum-
ming process the interphase could be adjusted without prob-
lems in the centrifuge and could produce a degummed oil
which was closer to the specification of a maximum of 200
ppm phosphor.

Experimental

The lipid acyltransferase KLM3' (SEQ ID No. 68) was
used in water degumming of crude soya oil in the process
outlined in FIG. 117.

The crude soya oil containing 1100 ppm phosphor was
exposed to the water degumming process shown in FIG. 117.
In the first experiment the degumming process was run with-
out addition of the enzyme. In the second experiment the
enzyme KIL.M3' was added, and after analysing the phosphor
content of the water degummed oil the interphase between
gum and oil in the centrifuge was adjusted towards the centre
of the centrifuge. When the process was in balance again the
phosphor was analysed again.

The result from the trials are shown in Table 1 below:

TABLE 1
Water degumming 1 2 3
Enzyme KLM3', LATU/kg 0 200 200
Centrifuge fine Tuner setting 185 185 195
Phosphor in oil after centrifuge, ppm 44% 35% 185

*not significant

Conclusion

In the experiment with enzymatic water degumming using
KLM3' it was shown that the interphase between oil and gum
in the centrifuge could easily be adjusted or controlled to
produce water degummed oil with a phosphor level closer to
specification (i.e. closer to but less than 200 ppm).

Under conventional water degumming conditions it is not
always easy to adjust the interphase because of the consis-
tency (high viscosity) of the gum phase does not allow such
adjustment.

EXAMPLE 15

Enzymatic Reaction in the “Gum Phase” after
Enzymatic Water Degumming of Vegetable Oils

Lipid acyltransferase, LysoMax Oil (KLM3') was tested in
water degumming of crude soya oil. Notably, the enzyme was
not inactivated at the end of the enzymatic water degumming



US 9,228,211 B2

89

process—as would be routine in practice in industry. There-
fore the enzymatic water degumming process was carried out
in accordance with the Experimental protocol shown below.
Notably enzyme was not inactivated after degumming.

The isolated gum phase from this process was incubated at
40° C., and the further degradation of phospholipid in the gum
phase was analysed. The results surprisingly showed that the
enzyme further hydrolysed phospholipid into lysophospho-
lipids and free fatty acid. This is explained by the fact that the
enzyme associates with the gum phase when the gum phase is
separated from the oil phase by centrifugation.

Also the lyso-phospholipids were hydrolysed during stor-
age, and after 7 days storage almost all phospholipids had
disappeared from the gum phase.

Commercial Relevance of the Results

Enzymatic oil degumming of crude soya oil with KLM3'
has shown that it is possible to improve the oil yield from 0.5
to 1.5%. The gum phase isolated from this process typically
still contains some oil and phospholipids (EP1 624 047). It is
known that by hydrolysis of the gum phase an oil phase can
separate form the gum, which can be isolated by centrifuga-
tion or other means of separation. This oil phase containing
high levels of free fatty acid can be sold as acid oil with higher
value than the normal gum phase which is added to the meal.

A further aspect is that the remaining solid phase after
separation of acid oil has higher phosphor level then normal
gum and can be used as a source or organic phosphor.
Introduction

The inventors have surprisingly shown that the lipid acyl-
transferase LysoMax Oil (KLM3') is active in the gum phase
isolated from enzymatic water degumming of crude soya oil.
It was therefore speculated whether the enzyme could further
degrade the phospholipids into free fatty acids which, by
centrifugation, could be isolated as an acid oil together with
the remaining triglyceride in the gum phase.

In this study the effect of different enzyme dosages and
water degumming temperatures on the phospholipid degra-
dation in the gum phase was examined.

Material and Methods:
KILM3":Glycerophospholipid cholesterol acyltransferase
(FoodPro LysoMax Oil) (K932)

Lot no 102629600. 1 Activity 1128 LATU/g

Crude soya oil no 18: from, Argentina
HPTLC Analysis

The degradation of phospholipids in the gum phase from
enzyme treated samples was analysed HPTLC.

Applicator: Automatic TLC Sampler 4, CAMAG

HPTLC plate: 20x10 cm, Merck no. 1.05641. Activated 10
minutes at 160° C. before use.

Application:

Gum phase from 10 gram oil was dissolved in 7.5 ml
Hexan:Isopropanol 3:2.

1 pl of the sample was applied to the HPTLC plate.

A phospholipid standard (0.5% phospholipid (Spectra
Lipid, Germany) was applied (0.1, 0.3,0.5,0.8 and 1.5 ul) and
used for the calculation of the individual phospholipids in the
gum.
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In some applications the phospholipid content was calcu-
lated relative to a control gum nOot treated with enzyme. This
control sample was applied 0.1-0.3-0.5-0.8-1 ul and used for
making calibrations curves.

Oil phase. Approximate 90 mg was scaled and dissolved in
1 ml Hexan:Isopropanol 3:2.

5 wl of the sample was applied to the HPTLC plate. Mono-
diglyceride 5 mg/ml of known concentration was applied at
0.1-0.3-0.5-0.8-1.5 pl and used for calculation of individual
glyceride components
TLC Applicator.

Running buffer no. 1: P-ether:Methyl Tert Butyl Ketone:
Acetic acid 50:50:1

Running buffer 6: Chloroform:1-propanol:Methylacetate:
Methanol: 0.25% KCl in water 25:25:25:10:9

Elution: The plate was eluted 7 cm using an Automatic Devel-
oping Chamber ADC2 from Camag.

Development:

The plate was dried on a Camag TL.C Plate Heater 111 for 10
minutes at 160° C., cooled, and dipped into 6% cupri acetate
in 16% H;PO,. Additionally dried 10 minutes at 160° C. and
evaluated directly.

The density of the components on the TLC plate was analy-
sed by a Camag TLC Scanner 3.

Gas Chromatography

Free fatty acid in the gum phase was analysed by GLC.

Sterol, sterol ester and Mono-di-triglyceride of the oil
phase was also analysed by GLC
Apparatus

Perkin Elmer Autosystem 9000 Capillary Gas Chromatograph equipped
with WCOT fused silica column 12.5 m x 0.25 mm ID x 0.1y film
thickness 5% phenyl-methyl-silicone (CP Sil 8 CB from Chrompack).

Carrier gas: Helium.

Injector: PSSI cold split injection (initial temp 50° C. heated to 385° C.),
volume 1.0 pl

Detector FID: 395° C.

Oven program (used since 30 Oct. 2003): 1 2 3
Oven temperature, © C. 90 280 350
Isothermal, time, min. 1 0 10
Temperature rate, ° C./min. 15 4

Sample Preparation

The sample was dissolved in 12 ml Heptane:Pyridin, 2:1
containing internal standard heptadecane, 0.5 mg/ml. 500 pl
sample solution was transferred to a crimp vial, 100 pl
MSTFA (N-Methyl-N-trimethylsilyl-trifluoraceamid) was
added and reacted for 15 minutes at 60° C.
Calculation

Response factors for free fatty acids, mono- di- and tri-
glyceride were determined based on pure reference material.
Experimental:

Lipid acyltransterase KI.M3' was tested in crude soya oil in
the recipes shown in table 1 below.

The degumming experiments in Table 1 were conducted at
both 45 and 55° C.

Jour. 2460-220 1 2 3 4 5 6 7 8 9 10
Crude soya oil g 10 10 10 10 10 10 10 10 10 10
K932: 100 LATU- ml 0.01 0.02 005 0.01 002 005 001 0.02 0.05
K/ml

Extra Water ml 0.10 0.09 0.08 0.05 0.09 008 005 009 0.08 0.05
LATU-K/g oil 0.00 0.10 020 050 010 020 050 010 020 0.50
% water 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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The crude soya was heated to 55° C. (or45° C.) in a 20 ml
Wheaton glass. Water and enzyme was added. The sample
was homogenized by high shear mixing for 30 seconds. The
samples were placed on a heating block at 55° C. (or 45° C.)
with magnetic agitation (450 rpm). After 30 minutes incuba-
tion the samples were centrifuged at 3000 rcf for 3 minutes.

The oil phase was separated form the gum phase by turning
the tubes up side down for 15 minutes, which left the gum in
the tubes.

The gum phase from each of samples 1 to 4 was then
immediately frozen.

The gum phase from each of samples 5 to 8 were incubated
at 40° C. for 1 day and then frozen.

The gum phase from each of samples 9-12 were incubated
7 days at 40° C.

All samples were analysed at the same time by TL.C and
GLC.

Results:

TLC analysis of gum phase samples from degumming at
55° C. are shown in FIG. 118 and the samples from degum-
ming at 45° C. are shown in FIG. 119

Based on the scanning of the TL.C chromatogram the rela-
tive content of phospholipid in the enzyme treated gum phase
compared with the gum phase without enzyme treatment, was
calculated (see Tables 2 and 3 below).
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TABLE 2

Relative phospholipid in gum phase
from water degumming at 45° C.

PC PA PE PI

sample Enzyme Time Rel. Rel. Rel. Rel.

no LATU/g days % % % %
1 0 0 100.0  100.0 100.0  100.0
2 0.1 0 40.5 48.6 38.5 43.0
3 0.2 0 21.5 33.7 22.4 26.9
4 0.5 0 7.4 23.1 9.0 15.6
5 0.1 1 6.4 41.9 6.0 17.2
6 0.2 1 2.3 25.7 1.9 12.5
7 0.5 1 1.3 10.7 0.0 4.2
8 0.1 7 0.0 17.1 0.0 8.1
9 0.2 7 2.5 9.4 0.0 4.8
10 0.5 7 0.0 0.0 0.0 3.7

The gum phase samples from 0 days were taken out just
after the degumming reaction and centrifugation. At this point
already a main part of the phospholipid is degraded and it is
seen that the amount of lyso-phospholipid increases (Table
2). During incubation of the gum phase further hydrolysis of
the phospholipids occurs, but also the lyso-phospholipids are
hydrolysed.

The gum phases were analysed by GLC for free fatty acids
(FFA) and triglyceride (see Table 3 below).

A fraction of the gum phase was extracted twice with
Hexan Isopropanol 2:1 and the insoluble part was dried and
quantified gravimetrically.

TABLE 3

GLC analysis of FFA and triglyceride in the gum phase and insoluble material

Sample Incubation Enzyme Dry basis% Dry basis % Dry basis % Hexan:IPA
No Days LATU/g FFA Triglyceride FFA + Triglyceride insoluble, %.
1 0 0 1.9 64.0 66.0 2.7
2 0 0.1 7.0 415 48.6 3.6
3 0 0.2 8.2 2.5 50.7 6.0
4 0 0.5 74 43.1 50.5 26.9
5 1 0.1 16.3 36.4 52.7 15.7
6 1 0.2 16.6 39.8 56.4 nd.
7 1 0.5 12.6 40.3 53.0 411
8 7 0.1 21.2 37.3 58.5 35.6
9 7 0.2 19.2 37.1 56.4 33.3
10 7 0.5 14.6 4.1 56.7 38.7
TABLE 2 The results shown in Table 3 clearly confirm that the enzy-
matic hydrolysis continues during storage of the gum phase at
Relative phospholipid in gum phase 50 40°C. up to 7 days.
from water degumming at 55° C. The content of the gum phase which is not extractable with
organic solvent (Hexan Isopropanol 2:1) is a measure for the
Lec PC  PA PE P amount of solid in the gum phase. When the phospholipids in
sample  Enzyme — Time Rel.  Rel.  Rel.  Rel.  Rel the gum phase are hydrolyzed into FFA and phosphatidylg-
no LATU/g  days % % % % % 55 lycerol the amount of material which is not soluble in Hexan:
isopropanol increases. After 7 days incubation, more then
1 0 0 1000 100 100 100 100 b . . .
90% of the gum phase is composed of FFA, triglyceride and
2 0.1 0 5712 312 358 261 550 hosphatidvlel 1 and hosoholinid left in th
3 02 0 1445 180 241 131 396 phosp ha : yT%lycero and no TI{ 1015p 0 lplhs aref ot m b C
4 0.5 0 45.6 33 171 30 163 gum phase. The composition of the gum phase a ter incuba-
5 01 I 4525 46 176 30 246 00 tion makes it more easy to separate into an 91ly phase and a
6 02 1 267 10 155 04 95 solid/water soluble phase, because no emulsifiers (phospho-
7 0.5 1 50 0.0 6.2 0.0 55 lipids and lysophospholipids) are left in the gum.
8 0.1 7 30 00 80 00 32 Conclusion
9 0.2 7 1.0 00 40 00 21 During enzymatic degumming with a lipid acyltransferase
10 0.5 7 02 00 00 00 26 65 (e.g. KLM3'")a gum phase is isolated which contains active

enzyme. Incubation of the gum phase at 40° C. further
hydrolyses the phospholipids in the gum phase. Depending



US 9,228,211 B2

93

on the enzyme dosage all the phospholipids as well as the
lyso-phospholipids are hydrolysed into fatty acids and phos-
phatidylglycerol. The elimination of the phospholipids in the
gum phase makes it possible to isolate an oily phase contain-
ing free fatty acids and the remaining triglyceride in the gum
phase.

In the degumming experiment conducted at 55° C., higher
levels of phospholipid degradation were observed than run-
ning the experiment at 45° C. in both experiments the enzyme
was active in the gum phase after separation and there was a
tendency to an overall higher degree of hydrolysis during
storage at 40° C. when the water degumming was conduced at
55°C.

All publications mentioned in the above specification are
herein incorporated by reference. Various modifications and
variations of the described methods and system of the present
invention will be apparent to those skilled in the art without
departing from the scope and spirit of the present invention.
Although the present invention has been described in connec-
tion with specific preferred embodiments, it should be under-
stood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modi-
fications of the described modes for carrying out the invention
which are obvious to those skilled in biochemistry and bio-
technology or related fields are intended to be within the
scope of the following claims.
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BUDAPEST TREATY OGN THE INTERRATIONAL
RECOGNITIOR OF THE DEPOSIT OF MICRCORGANISHS
FOR THE PURPOSES OF PATERT PROCEDURE,

INTERRATIONAL FORM
Damisco A/S RECEIPTIN THE CASE OF AN ORIGINAL DEPOSIT
Langehrozade 1 fcsned porseant te Rde 7.1 by the
DE-1001 Copenhagen IRTERNATIONAL DEPOSITARY AUTHORITY
Denmark . ifl=niified of fhe bottom of this page

HAME AND ADDRESS OF DEPOSTTOR

L ‘ IDENTIFICATION OF THE MICROORGANISM

Temtification reference given by the Arcession mnmber given by the

DEPOSITOR: - INTERMATIORAL DEPOSITARY AUTHORITY:
Escherichia coll NCIMEB 41204

TOP10pPet]1 2z Ahydro

L SCIENTI FIC DESCRIFTION AND/OR FROPOSED TAXCNOMIC DESIGNATION

The microorganism identified mder T above wes accompanied by:

a scientific description

X s esed faxonopic desipration
 &prop

(Ml with 2 exoss where applicable)

M. _RECEIFT AND ACCEPTANCE

Thzs Intermnational Depositary Anthority aceeprs the n-ncruorgmum jdentified undcr] sbove, whu:h was received by i on
2z Decem'.bt:r 2003 (date of the orginal deposit)! .

IV. RECEIPT OF REQUEST FOR. CONVYERSION

'The microorganism identified under I 2bove was received by this Infemational Depositary Autharity on
(date of ﬁie eriginel deposif) and 2 request to cenveri the original depoesit o 2 deposit under the Budapest Treaty was received
by 3 on

(date of receipt of request for conversion)

Y. INTERMATIOMAL DEPOSITARY AUTHORITY

Nome: NCIMB L, Signature(s) of person(s) having the power to represent the

Intemational Depositary Anthority or of authorised
oﬁir:xa](s)'

Address: 23 St Macher Drive Toreace Q‘Jl
Aberdeen Date: 2 January 2004
AB24 3RY
Seotland, UEL

1

‘Where Rule 6/4(d) applies, such date is the date on which the statos of lnternational Deposttaxy Authority was
anguired.

TR TDIAE Ll e
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BUDAFEST TREAYTY OR THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT GF MICROORGAWESMS
FOR THE PURFOSES OF PATERT FROCEDURE

INTERNATIONAL FORM
Danisco A5 VIABILITY STATEMERNT
| |Lapgetrogads 1 issmed parspsnt to Rule 182 by ihe
DK-1001 Copenbagen INTERHATIONAL DEPOSITARY AUTHORITY'
Denmatk jdentified on the following page

- HAWME AND ADDRESS OF THE PARTY
TO WHOlM THE VIARLITY STATEMENT

18 IBSUED
L DEPOSITOR Ji A IDENTIFICATION OF THE MICROORGANISH
Name: - AR ABQVE Arceesion numnber given by the .
INTERNATICHAL DEPOSITARY AUTHORITY:
Address NCIVE 41204

Date of fhe deposit or of the transfers |

22 Decemiber 2003

"|oL-  VIABYLIFY STATEMENT

"The vizhility 6 fire microorganism identified vnder I above was tested on 22 December 2003 % On fhat dair, the s2id microorganism
was '

- 3

| xi viable

o Jonger vieble

Indicate the date of the orignal deposit or, where & new deposit or a transfer has been made, the most recenf relevant
" date {date of the new deposit or date of the iransder).

In the cases refored fo i Rale 10200 and (i), refer to the most recent visbility test.

Mak with 2 coss the appliceble box

Form BP:;Q (first page)
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v, COMNDITIONS UNDER WHICH THE VIARILITY TEST HA S EEEN PERFORMED®

V. INTERMATIONAT, DEPOSITARY AUTHORITY

Name: NCBIB L,

Address 23 St Machar Didve
Aberdecn
AB24 3RY
Scothznd

Siguatwe(s) of person(s) baving the power
fo Tepresent the Infemational Depostizry
Authority or ef authorised official(s)

Farem

+ Dater 9 Jeguary 2004

D‘,‘.\&K

4 Fill ia if the information has been reqguested and i the results of the test were negative.

Form BB/ (second and 1ast page)
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BUDAPEST TREATY GN THE INTERNATIONAL
RECOGRITION €F THE DEPOSTT OF MICROORGARESHS
FOR THE FURPOSES OF PATENT PROCEDURE |
INTERNATIONAL FORM
Trepinco AJS RECEIPT IN TEE CASE OF AR GREGINAL DEPOSTT
Lengshrppade 1 Essued pursyant to Bule 7.1 by the -
DE-1001 Copephagen ENTERRATIONAL DEPOSITARY AUTHORITY
Demmark identified =t the botiorm of this pase
- HNAWE A‘ND ADDRES OF DEPOSITOR.
R mmmmnw OF THE MICEOORGARNIEM
-
" tdenrfication rafzranm given bysha Arcession nimber piven by the
| DEBOSITOR: INTERNATIONAL DEPOSTPARY AUTHORITY:
.Esr:ﬂ-snchm ook "NCIMEB 41205
TOP10pPet] 204 sahmn

1 ‘BCIENTI 'FEG DESCERIPT.EQ‘N ANDIOR PRDPDSED TAXONOWEC DESYGLATION

S smenhﬁc dsxnpbuu

% | & proposed txpRemic desighation

(Ma'rkvaﬁx a cross whr:re snphmble)

‘Ihe mmnrgamsm 1drmhf\ed mﬁml ahove was a::cnmpamed by

: IIL RECEIPTHJQDAC‘CEPTAN@ B
vl

22 Decemiber 2003 (datr of I'.h:: ongmﬁ] deposxt)'

This Tmiermationil Depnsmary Auﬂmnty accx:p!s the microorganism identified under 1 abave, whick was received by i Hom

Iv. 'R_ECE]PT DF REQUEST FOR CDNVERSION

by it om

The pricroorganism identified under I abnve was received by this Faternational Depositary Authority on :
(Jat uf the ariginal deposit} =nd 8 request to comverf the original deposxt to a deposit vnder the Bodapest Treaty wes mcewt:d

(date of réteipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

MName: NCIMB Lid.,

Address: 23 5t Machar Deive
Aburdecn
AB43RY
Scotland, UR.

Signature(s) of person(s) having the power to IEpt&sent the
Tnternational Depositary’ Awthority or of anthorised
Dﬁiclal{s)

) /W ) """JFL
Date: @ January 2004

T
acouired.
Formn BPM (sole mared

Where Rule 6/4{d) spplies, such date is-the date ap which the status of Iniemannrsal Depositary Authority was
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BUDAPEST TREATY OR THE INTERRATIORAL
RECOGHITION OF TEE BEPOSIT OF MICROURGAIERRZS
FOR TEE PURPOSES OF PATERT PROCEDURE -

INTERNATIONAL FORM
Damscd A8 VIABILITY STATEMENT
. |Lzppetyopade 1 iezned porseant to Ruds 10.2 by fhe
TIE-1001 Coperhagen INTERWATIONAL DEPOSITARY AUTHORITY
™ i idemtified on fhe following page

NAME AMD ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

I8 ISRUED
I DEFOSITOR I IDENTIFICATION OF THE MICROORGANISM
Narne: AS ABOVE Accession number given by tha
INTERNATIONAL DEPOSTTARY AUTHORITY:
Addrees: NCIMB 41205 -
Date of the deposit or of fhe iransfer’s |
72 Devember 2003
N  VIABILITY STATEMENT
The viabifity of the micruorganism identified under 1 ebove was fested on 22 December 2003 % On that date, the said Iicroorganism |-

yas:

oy

o

3

X I vighle

3

no Jonger viable |

Tndicate the date of the eriginal deposit or, whers a new d-r:pusit or & remsfer has been made;, the most recent relevant
date (date of the new deposit or daie of the fransfer)- ’

T the cases referred to In Rule 10.2(z)(H) and (i), refer 16 the most recent viability test.

Merk with a cross thé applieable bux.

Form BP/9 (first page)
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Y. CONDITIONS UNDER WHICH THE VIABIEITY TEST HAS BEEN FERFORMED

Y. INTERMNATIONAL DEPQ&TI‘AKY AUTHORTTY

HNeme: NCIMB Lid,

Address: 23 St Machar Dadve

Signature(s) of person(s) having the power
{0 represent the Isicrnational Depositary
Anthority or of authoris=d effcial(s): -

o Teranin Ded
AB24 ZRY RN e o— €7
Seotland Diate 9 Jannary 2004

‘ Fill tn if the frformation has been requested and ¥ the results of the test were nepgative.

Form BP/? {second end last page)
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BUDAPEST TREATY OR THE INTEENATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISHS
FOR THE FUEPOSES OF PATENT PROCEDURE

INTERNATIONAY, FORM
Danisco Intelleciral Assets EECEIPT IN THE CASE OF AN GRIGINAL DEPOSIT
Diznisco A/S i=sued purseant to Rule 7.1 by the

. | INTERNATIONAL DEPOSITARY AUTHORITY
Langebrogade 1 ientificd o the buttom of fiis page
DE-1001 Copenhagen
Denmark

WAME AND ADDRESS OF DEPDSITOR
L IDENTIFICATION OF THE MICRODRGAMISIA

Identifeation reference given by the Accession minber given by the

DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORTTY:
Streptomyees sp. o WCIMB 41226
L130 B

L SCIENTI FIC DESCRIFTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified mmder I sbove wes accompenied by:

2 seiemdific description

X | aproposed texonomic desipnation

(Mzrk with & crnds whrs Zpphiceble)

TL  RECEIPT AND ACCEPTANCE

This Ifernation:d Depositary Adrthority aceepts the microvrganizm idenfified vnder I sbove, which was recefved by on
23-Jupe 2004 - (date of the original deposity’

IV. RECEIPT OF REQUEST FOR CONVERSION

The mitroorganism identified under I sbove Was teceived by this Internationa} Depositary Anthority on
(datz of the original deposit) and 2 request to convert the ariginal depositto a deposit under the Budapest Treaty was reccived
by it on

(date of receipt of regnest for conversion)

Y. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Lid, Sigpature(s) of person(s) having the power to represent the

Tuternational Depositary Anthority or of mnthorised

oificial(s): A
Address: 23 St Machar Drive . 4:« u_,ywv T~
Aberdesn Dater 78 Jome 2004
AB243RY
Scptlend, UKL

Whers Rule 6/4{d) applies, such date is the date on which the status of Iuttrnativpal Depositry Authority was
acquired.
Form BP/4 (sole page)
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BUDATEST TREATY ON THE INTERNATIONAY,
RECOGIITION OF THE DEFOSTT OF MICROORGARISMS
FOR THE PURPOSES OF PATERT PROCEDURE

INTERNATIONAL FORM
Danisco Intellectual Assets VIABILITY STATEMENT
Damisco A/S issmed prrseant to Rule 10.2 by the
INTERNATIONAL DEPOSTTARY AUTBORTTY
Langebrogads 1 identified on fhe following pose
DE-1001 Coperhagen ;
Denmark

NAME AND ADDRESS OF THE PARTY
TO WHOM TEE VIABILITY STATEMENT
I8 ISSUED

DEPOSITOR 18 IDENTIFICATION OF THE MICROORGANISM

Jarpez AS AROVE : Accession munber given by the
INTERWNATIONAL DEPOSTTARY AUTHORITY:
S ddress: HCIMB 41226 .
Drate of the deposi or of fie francr’

23 Jume 2004

.  VIABILITY STATEMENT

The vizbility of the microorganism identified under 1T above wes tested on 25 hme 2004 %, Om that date, the seid microurganiam was:
H

X viable
E

ne longer viable

! Indicate the dzie of the original deposit or, where & new deposit or 2 transfer has been made, the must recent relevant
date {date of the new deposit or date of the ranster).

: Tn the cases referred o tn Rule 10.2(z)() and (), refer to the most recent viability test.

3 Mark with 2 cross the applicablz box.

Form BP/? (first page)
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CONDITIONS UNDER WHEICH THE VIABILITY TEST HAS BEB‘I_PWQK&M
I INTERNATIONAL DEPOSITARY AUTBORITY
{eme:  WCIME Lid, Signatmre{s) of person(s) baving fhe power
to represent the Internations! Depositary

vadress: 23 St Machar Drive Alrﬁnurﬁgo/f anthorised officiz|(s):

Aberdesn,

AB2AIRY Fasemca, ) o iy

Seotland Dates 28 Fums 2004

* Fill in # the information hes been requested and if the resulis of the test were negative,

Form BP/9 (second and last page}
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BUDAPEST TREATY ON THE INTERRATIONAL
RECOGRITIOR OF THE DEPOSIT OF MICROORGANISMS
FOR TEE PURPUSES OF PATENT PROCEDURE

— : nmmmrmmm
Danisco Tntellectnal Assels R
Danisco A/S . F.ECEIFTNTEECASEGFAND?I@RALDEPDSIT
Ls.ngabrogadel izsned prrsizmt tn Rule 7.1 by thé |
INTERKATIONAL DEPOSITARY AUTHORITY
DK-1001 CoPe:nha,en identificd af the Pottoin of this page
Dentnark

- NAME ANDADDRESS OF DEPOSITOR
L B)Eli‘f&f;C_AﬂDNQEIEBMICRQORGAMSM

Idenbﬁcaﬁm Ieferefice given by the  Arcession fumber given Iay' fhe .

DEPCSITOR: - D'ITERJ{ATIDNAL DEPOSIT. .éRY AUTHORITY
‘ Sb‘qntomyczs - HNCIMB 412'27

L1311 .

Ir SCIBQ’H FIC DESCRIPTID’N AI\H)!OR PROPOSED TAXDNOMIC DESI%HDN

The siicionrganisn identified inder T above was accomparied by:

a scieniific descphion

’ X 2 mopoded taconcime desigiation .

(e il s Wit s

ni.' TRECEIPT AND ACCEPTANCE

Tb:s Trternational Depns:lm’y Aunfhority arcepts the’ rmcroorgamsm 1deut1ﬁcd mder I zbove, which wes racerved byiton
73 Fiing 2004 " (date of hioripindl depoEitf

V... RECEIPT.OF REQUESTFOR. coNvmloﬂ

The ricroorganism | 1dem:rﬂed undes I gbove was received by this Infernational Dm:-nsﬁary Anthotity on

(dzi: of the Griginal depusrt) and & requdst i umvart ﬁse original deposit io a dapuszt ndet ﬂ:m Budapest Traary was received
by It on

(@zte of rm:mpt of request for conversion)

V. MERNATIONAL DEPOSITARY AUIHORI'IY

- Ném_r:j. NC]MB Ll:i, Signatire(s) of personfs) having ﬂ'xe puwe:r to n-present the
A International Degositary Avthérity or of mithorised

uﬂimal(s)'
Adidreés: 23 §t Machar Drive D”"“’}‘SZ
Aberdeen Date zs Tme2004
AB243RY
Scotland, UK.
B

Whete Rnle 6/4(d) applies, such date is the date on wmch the stins of International Depngtary Aﬂhmty was
acguired.
Foumn BP/4 (sole page)
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BUDAFEST TREATY ON THE INTERNATIONAL
RECOGNITIOR OF THE DEPOSTT OF MICROORGANISMS
FOR THE PURPOSES OF PATERT FROCEDURE

= INTERNATIONAL FORM

Danisco Intellectnal Assefs - era

L ALS jeomed porseant to Rule 10.2 by the
Langebrogade 1 INTERNATIONAL DEPOSITARY AUTHORITY
DK-1001 Copenhagen idewtified on the following page

Dentnark

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

18 ISSUED
L DEPOSITOR I IDENTIFICATION OF THE MICROORGANISM
Harpe: AS ABOVE Accession mmmbér given by the
INTERNATIONAL DEPGSITARY AUTHORITY:
 Address: NCIMB 41227

Date of the deposit or of the ransfer’s

23 Fime 2003

TL  VIABILITY STATEMENT

The viability of the mcmnrg?mjm identified wmder 1 above was tested on 25 June 2004 2 On that date_ the said microorganism was

=

X viable

no longer viable

! Tndicate the def= of the original deposit or, where 2 new deposit or & transfer has been mede, the most recent relevent
date (date of the new deposit or date of the transfer).

2 fn the cases referred 1o in Rule 10.2(2)@) and (Fi), refer tn the most recent visbility test.

3 Mark with 2 cross the applicable box

Form BP/2 (first page)



US 9,228,211 B2
117 118

CONDITICRHNS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

INTERMATIONAL DEPOSITARY AUTHORITY

mme: RCVB L, Sigmzture(s) of person(sy having the power
' ) * 1 represent the International Depositary
idress: 23 St Machar Drive Antherity or of anthorised oificial(s):
AB24 3RY - ﬁmw% T
Scofland Dates 28 June 2004

4 Fil in if the information hes been requested and if the results of the test were negative.

Forra BP/9 (second and last page)
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<160>

<210>
<211>
<212>
<213>

<400>

Met

1

Gln

Asp

Leu

65

Asn

Trp

Gln

Trp

Asp
145

Leu

Ala

225

Asn

Ser

Leu

Met

Trp

305

Arg

<210>
<211>
<212>
<213>
<220>

Lys

Ala

Ser

Pro

50

Trp

Glu

Asn

Phe

Val

130

Ala

Leu

Gln

Val

Ala

210

Glu

Pro

Val

Ala

Ala

290

Asp

Ala

Lys

Ala

Leu

35

Ser

Leu

Ala

Pro

Leu

115

Gly

Lys

Asn

Asn

Ser

195

Pro

Met

Cys

Ser

Ile

275

Arg

Gln

Ala

PRT

SEQUENCE :

Trp

Asp

20

Ser

Ser

Glu

Glu

Lys

100

Gln

Ala

Arg

Gly

Pro

180

Ala

Thr

Leu

Tyr

Thr

260

Ala

Arg

Val

Thr

PRT

SEQ ID NO 1
LENGTH:
TYPE :
ORGANISM:

335

Aeromonas hydrophila

1

Phe

Ser

Asp

Pro

Gln

Gly

85

Tyr

Lys

Asn

Val

Ala

165

Ser

Tyr

Gly

Arg

Asp

245

Asp

Gly

Ser

His

Phe
325

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:

361

Val

Arg

Thr

Pro

Leu

70

Gly

Gln

Asp

Asp

Arg

150

Lys

Ala

His

Met

Asp

230

Gly

Arg

Asn

Ala

Pro

310

Ile

NUMBER OF SEQ ID NOS:

Cys

Pro

Gly

Tyr

55

Thr

Ala

Val

Ser

Tyr

135

Asp

Gln

Arg

Asn

Val

215

Pro

Gly

Gln

Pro

Ser

295

Thr

Ala

121

Leu

Ala

Lys

40

Tyr

Lys

Thr

Ile

Phe

120

Leu

Ala

Ile

Ser

Gln

200

Lys

Gln

Tyr

Leu

Leu

280

Pro

Thr

Asn

Leu

Phe

25

Met

Glu

Gln

Ala

Asn

105

Lys

Ala

Ile

Leu

Gln

185

Leu

Leu

Asn

Val

Ser

265

Leu

Leu

Val

Gln

Gly

10

Ser

Tyr

Gly

Phe

Val

90

Asn

Pro

Tyr

Ser

Leu

170

Lys

Leu

Phe

Phe

Trp

250

Ala

Ala

Asn

Val

Tyr
330

Leu

Arg

Ser

Arg

Pro

75

Ala

Leu

Asp

Gly

Asp

155

Phe

Val

Leu

Glu

Gly

235

Lys

Phe

Gln

Cys

His

315

Glu

SEQUENCE LISTING

Val

Ile

Lys

Phe

60

Gly

Tyr

Asp

Asp

Trp

140

Ala

Asn

Val

Asn

Ile

220

Leu

Pro

Ser

Ala

Glu

300

Ala

Phe

Ala

Val

Met

45

Ser

Leu

Asn

Tyr

Leu

125

Asn

Ala

Leu

Glu

Leu

205

Asp

Ser

Phe

Pro

Val

285

Gly

Ala

Leu

Leu

Met

30

Arg

Asn

Thr

Lys

Glu

110

Val

Thr

Asn

Pro

Ala

190

Ala

Lys

Asp

Ala

Gln

270

Ala

Lys

Leu

Ala

Thr

15

Phe

Gly

Gly

Ile

Ile

95

Val

Ile

Glu

Arg

Asp

175

Val

Arg

Gln

Val

Thr

255

Glu

Ser

Met

Ser

His
335

Val

Gly

Tyr

Pro

Ala

80

Ser

Thr

Leu

Gln

Met

160

Leu

Ser

Gln

Phe

Glu

240

Arg

Arg

Pro

Phe

Glu
320
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-continued

122

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 2

Ile Val Ala Phe Gly Asp Ser Leu Thr
1 5

Asp Ser Asp Gly Gly Gly Trp Gly Ala
20 25

Ala Leu Leu Arg Leu Arg Ala Arg Pro
35 40

Arg Gly Ile Ser Gly Arg Thr Ser Asp

Leu Val Ala Leu Leu Phe Leu Ala Gln
65 70

Pro Pro Tyr Leu Ser Gly Asp Phe Leu
85

Ala Gly Ala Thr Ile Leu Pro Thr Ser
100 105

Gln Phe Lys Asp Phe Lys Ser Gln Val
115 120

Gly Leu Leu Gln Glu Leu Leu Arg Leu
130 135

Ser Pro Asp Leu Val Thr Ile Met Ile
145 150

Ser Ala Phe Phe Gly Pro Lys Ser Thr
165

Val Pro Glu Phe Lys Asp Asn Leu Arg
180 185

Ser Asn Asn Gly Ala Arg Ile Ile Val
195 200

Asn Leu Gly Pro Leu Gly Cys Leu Pro
210 215

Ala Ser Ser Lys Asn Val Asp Ala Ser
225 230

Glu Ala Val Ala Asp Phe Asn Glu Ala
245

Lys Leu Glu Asp Gln Leu Arg Lys Asp
260 265

Ala Asp Val Pro Tyr Val Asp Leu Tyr
275 280

Gly Ile Gln Asn Pro Ser Ala Tyr Val
290 295

Ala Cys Cys Gly Tyr Gly Gly Arg Tyr
305 310

Asn Ala Gly Leu Cys Asn Val Thr Ala
325

Tyr Leu Leu Ser Phe Leu Phe Trp Asp
340 345

Gly Tyr Lys Ala Val Ala Glu Ala Leu
355 360

<210> SEQ ID NO 3

<211> LENGTH: 335

<212> TYPE: PRT

<213> ORGANISM: Aeromonas hydrophila

Asp

10

Gly

Arg

Gly

Ser

Arg

90

Gly

Leu

Leu

Gly

Glu

170

Gln

Leu

Leu

Gly

Leu

250

Gly

Ser

Tyr

Asn

Lys

330

Gly

Gly

Leu

Gly

Arg

Leu

75

Gly

Pro

Glu

Pro

Thr

155

Ser

Leu

Ile

Lys

Cys

235

Arg

Leu

Ile

Gly

Tyr

315

Ala

Phe

Glu

Ala

Val

Leu

60

Gly

Ala

Phe

Leu

Val

140

Asn

Asp

Ile

Thr

Leu

220

Leu

Glu

Pro

Phe

Phe

300

Asn

Cys

His

Ala

Asp

Asp

45

Ile

Leu

Asn

Leu

Arg

125

Leu

Asp

Arg

Lys

Leu

205

Ala

Glu

Leu

Asp

Gln

285

Glu

Arg

Asn

Pro

Tyr

Arg

30

Val

Val

Pro

Phe

Ile

110

Gln

Asp

Leu

Asn

Arg

190

Val

Leu

Arg

Ala

Val

270

Asp

Thr

Val

Pro

Ser
350

Tyr

15

Leu

Phe

Asp

Asn

Ala

95

Gln

Ala

Ala

Ile

Val

175

Leu

Ile

Ala

Leu

Ile

255

Lys

Leu

Thr

Cys

Ser
335

Glu

Gly

Thr

Asn

Ala

Leu

80

Ser

Val

Leu

Lys

Thr

160

Ser

Arg

Leu

Leu

Asn

240

Ser

Gly

Asp

Lys

Gly

320

Ser

Lys
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-continued

124

<400> SEQUENCE:

Met

1

Gln

Asp

Leu

65

Asn

Trp

Gln

Trp

Asp
145

Leu

Ala

225

Asn

Ser

Leu

Met

Trp

305

Pro

<210>
<211>
<212>
<213>

<400>

Lys

Ala

Ser

Pro

50

Trp

Glu

Asn

Phe

Val

130

Ala

Leu

Gln

Val

Ala

210

Glu

Ala

Ala

Ala

Ala

290

Asp

Ala

Lys

Ala

Leu

35

Ser

Leu

Ala

Pro

Leu

115

Gly

Lys

Asn

Asn

Ser

195

Pro

Met

Cys

Ser

Ile

275

Ala

Gln

Ala

Trp

Asp

20

Ser

Ser

Glu

Glu

Lys

100

Gln

Ala

Arg

Gly

Pro

180

Ala

Thr

Leu

Tyr

Thr

260

Ala

Arg

Val

Thr

PRT

SEQUENCE :

3

Phe

Ser

Asp

Pro

Gln

Gly

85

Tyr

Lys

Asn

Val

Ala

165

Ser

Tyr

Gly

Arg

Gly

245

Asp

Gly

Ser

His

Phe
325

SEQ ID NO 4
LENGTH:
TYPE:
ORGANISM: Aeromonas salmonicida

336

4

Val

Arg

Thr

Pro

Leu

70

Gly

Gln

Asp

Asp

Arg

150

Lys

Ala

His

Met

Asp

230

Gly

Ser

Asn

Ala

Pro

310

Ile

Cys

Pro

Gly

Tyr

55

Thr

Pro

Val

Ser

Tyr

135

Asp

Glu

Arg

Asn

Val

215

Pro

Ser

Gln

Pro

Ser

295

Thr

Glu

Leu

Ala

Lys

40

Tyr

Asn

Thr

Ile

Phe

120

Leu

Ala

Ile

Ser

Gln

200

Lys

Gln

Tyr

Leu

Leu

280

Thr

Thr

Ser

Leu

Phe

25

Met

Glu

Glu

Ala

Asn

105

Lys

Ala

Ile

Leu

Gln

185

Leu

Leu

Asn

Val

Ser

265

Leu

Leu

Val

Gln

Gly

10

Ser

Tyr

Gly

Phe

Val

90

Asn

Pro

Tyr

Ser

Leu

170

Lys

Leu

Phe

Phe

Trp

250

Ala

Ala

Asn

Val

Tyr
330

Leu

Arg

Ser

Arg

Pro

75

Ala

Leu

Asp

Gly

Asp

155

Phe

Val

Leu

Glu

Gly

235

Lys

Phe

Gln

Cys

His

315

Glu

Val

Ile

Lys

Phe

60

Gly

Tyr

Asp

Asp

Trp

140

Ala

Asn

Val

Asn

Ile

220

Leu

Pro

Asn

Ala

Glu

300

Ala

Phe

Ala

Val

Met

45

Ser

Leu

Asn

Tyr

Leu

125

Asn

Ala

Leu

Glu

Leu

205

Asp

Ser

Phe

Pro

Val

285

Gly

Ala

Leu

Leu

Met

30

Arg

Asn

Thr

Lys

Glu

110

Val

Thr

Asn

Pro

Ala

190

Ala

Lys

Asp

Ala

Gln

270

Ala

Lys

Leu

Ala

Thr

15

Phe

Gly

Gly

Ile

Ile

95

Val

Ile

Glu

Arg

Asp

175

Ala

Arg

Gln

Gln

Ser

255

Glu

Ser

Met

Ser

His
335

Val

Gly

Tyr

Pro

Ala

80

Ser

Thr

Leu

Gln

Met

160

Leu

Ser

Gln

Phe

Arg

240

Arg

Arg

Pro

Phe

Glu
320

Met Lys Lys Trp Phe Val Cys Leu Leu Gly Leu Ile Ala Leu Thr Val

1

5

10

15

Gln Ala Ala Asp Thr Arg Pro Ala Phe Ser Arg Ile Val Met Phe Gly

20

25

30
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-continued

126

Asp

Leu

65

Asn

Trp

Gln

Trp

Asp
145

Leu

Ala

225

Asn

Ser

Leu

Met

Trp

305

Arg

<210>
<211>
<212>
<213>

<400>

Met

1

Val

Pro

Tyr

Cys
65

Ser

Pro

50

Trp

Glu

Asn

Phe

Val

130

Ala

Leu

Gln

Val

Ala

210

Glu

Pro

Val

Ala

Ala

290

Asp

Ala

Pro

Gly

Ala

Ser

50

Leu

Leu

35

Ser

Leu

Ala

Pro

Leu

115

Gly

Lys

Asn

Asn

Ser

195

Pro

Met

Cys

Ser

Ile

275

Arg

Gln

Ala

Lys

Thr

Gln

35

Ala

Arg

Ser

Ser

Glu

Glu

Lys

100

Gln

Ala

Arg

Gly

Pro

180

Ala

Thr

Leu

Tyr

Thr

260

Ala

Arg

Val

Thr

PRT

SEQUENCE :

Pro

Leu

20

Ala

Gly

Ser

Asp

Pro

Gln

Gly

85

Tyr

Lys

Asn

Val

Ala

165

Ser

Tyr

Gly

Arg

Asp

245

Asp

Gly

Ser

His

Phe
325

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM:

295

Thr

Pro

Leu

70

Gly

Gln

Asp

Asp

Arg

150

Lys

Ala

His

Met

Asp

230

Gly

Arg

Asn

Ala

Pro

310

Ile

Gly

Tyr

55

Thr

Ala

Val

Ser

Tyr

135

Asp

Gln

Arg

Asn

Val

215

Pro

Gly

Gln

Pro

Ser

295

Thr

Glu

Lys

40

Tyr

Lys

Thr

Tyr

Phe

120

Leu

Ala

Ile

Ser

Lys

200

Lys

Gln

Tyr

Leu

Leu

280

Pro

Thr

Thr

Met

Glu

Gln

Ala

Asn

105

Lys

Ala

Ile

Leu

Gln

185

Leu

Leu

Asn

Val

Ser

265

Leu

Leu

Val

Gln

Tyr

Gly

Phe

Val

90

Asn

Pro

Tyr

Ser

Leu

170

Lys

Leu

Phe

Phe

Trp

250

Ala

Ala

Asn

Val

Tyr
330

Streptomyces coelicolor

5

Ala

Ala

Thr

Ser

Thr

Leu

Leu

Pro

Gly

Ala
70

Arg

Gly

Thr

Val

55

Asn

Arg

Leu

Leu

40

Leu

Tyr

Val

Thr

25

Asp

Pro

Pro

Met

10

Asp

Tyr

Val

His

Ser

Arg

Pro

75

Ala

Leu

Asp

Gly

Asp

155

Phe

Val

Leu

Glu

Gly

235

Lys

Phe

Gln

Cys

His

315

Glu

Thr

Ala

Val

Asp

Val
75

Lys

Phe

60

Gly

Tyr

Asp

Asp

Trp

140

Ala

Asn

Val

Asn

Ile

220

Leu

Pro

Ser

Ala

Glu

300

Ala

Phe

Ala

Thr

Ala

Pro

60

Ile

Met Arg Gly Tyr

45

Ser

Leu

Asn

Tyr

Leu

125

Asn

Ala

Leu

Glu

Leu

205

Asp

Ser

Phe

Pro

Val

285

Gly

Ala

Leu

Thr

Ala

Leu

45

Ala

Ala

Asn

Thr

Lys

Glu

110

Val

Thr

Asn

Pro

Ala

190

Ala

Lys

Asp

Ala

Gln

270

Ala

Lys

Leu

Ala

Val

His

30

Gly

Asn

Asp

Gly

Ile

Ile

95

Val

Ile

Glu

Arg

Asp

175

Val

Arg

Gln

Val

Thr

255

Glu

Ser

Met

Ser

His
335

Ala

15

Ala

Asp

Leu

Thr

Pro

Ala

80

Ser

Thr

Leu

Gln

Met

160

Leu

Ser

Gln

Phe

Glu

240

Arg

Arg

Pro

Phe

Glu

320

Gly

Ala

Ala

Ser

Leu

Thr
80
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-continued

128

Gly

Phe

Gly

Ser

Ser

145

Asp

Leu

Tyr

Leu

His

225

Tyr

Pro

Pro

Met

Ala

Thr

Thr

Thr

130

Gly

Asp

Gly

Pro

Pro

210

Leu

Val

Gly

Val

Asp
290

Arg

Arg

Gly

115

Phe

Gly

Glu

Val

Trp

195

Leu

Asn

Asp

Thr

His

275

Val

Leu

Ala

100

Thr

Ile

Lys

Ile

Arg

180

Ile

Ala

Asp

Phe

Arg

260

Pro

Leu

Thr

85

Gln

Asp

Asn

Gly

Glu

165

Ala

Thr

Ala

Ala

Ser

245

Trp

Asn

Gly

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces coelicolor

PRT

<400> SEQUENCE:

Met

1

Val

Pro

Tyr

Cys

65

Gly

Phe

Gly

Ser

Ser

Pro

Gly

Ala

Ser

50

Leu

Ala

Thr

Thr

Thr
130

Gly

Lys

Thr

Gln

35

Ala

Arg

Arg

Arg

Gly

115

Phe

Gly

Pro

Leu

20

Ala

Gly

Ser

Leu

Ala

100

Thr

Ile

Lys

295

6

Ala

5

Ala

Thr

Ser

Thr

Thr

85

Gln

Asp

Asn

Gly

Tyr

Leu

Ala

Ser

150

Ala

Arg

Pro

Gly

Val

230

Gly

Ile

Ala

Leu

Leu

Leu

Pro

Gly

Ala

70

Asp

Tyr

Leu

Ala

Ser

Val

Pro

Val

Ile

135

Pro

Asn

Ala

Ala

Asp

215

Arg

Val

Glu

Leu

Asp
295

Arg

Gly

Thr

Val

55

Asn

Val

Pro

Val

Ile
135

Pro

Thr

Gly

Thr

120

Thr

Cys

Thr

Pro

Thr

200

Val

Arg

Ser

Pro

Gly
280

Arg

Leu

Leu

40

Leu

Tyr

Thr

Gly

Thr

120

Thr

Cys

Cys

Val

105

Leu

Ala

Lys

Tyr

His

185

Ala

Pro

Ala

Asp

Leu

265

Glu

Val

Thr

25

Asp

Pro

Pro

Cys

Val

105

Leu

Ala

Lys

Gly

Ala

Thr

Cys

Asp

Pro

170

Ala

Asp

Tyr

Ala

Gly

250

Leu

Arg

Met

10

Asp

Tyr

Val

His

Gly

90

Ala

Thr

Cys

Asp

Ala

Pro

Ile

Gly

Arg

155

Ala

Arg

Pro

Leu

Glu

235

His

Phe

Arg

Thr

Ala

Val

Asp

Val

75

Ala

Pro

Ile

Gly

Arg

Ala

Gln

Gly

Thr

140

His

Leu

Val

Ser

Arg

220

Glu

Asp

Gly

Met

Ala

Thr

Ala

Pro

60

Ile

Ala

Gln

Gly

Thr

140

His

Gln

Leu

Gly

125

Ala

Gly

Lys

Ala

Cys

205

Ala

Thr

Ala

His

Ala
285

Thr

Ala

Leu

45

Ala

Ala

Gln

Leu

Gly
125

Ala

Gly

Thr

Asp

110

Asn

Gly

Thr

Glu

Ala

190

Phe

Ile

Gly

Cys

Ser

270

Glu

Val

His

30

Gly

Asn

Asp

Thr

Asp
110
Asn

Gly

Thr

Ala

Ala

Asp

Val

Ser

Ala

175

Leu

Leu

Gln

Ala

Glu

255

Leu

His

Ala

15

Ala

Asp

Leu

Thr

Ala

95

Ala

Asp

Val

Ser

Asp

Leu

Asn

Leu

Phe

160

Leu

Gly

Lys

Ala

Thr

240

Ala

Val

Thr

Ala

Ala

Ser

Leu

Thr

80

Asp

Leu

Asn

Leu

Phe
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-continued

130

145

Asp

Leu

Tyr

Leu

His

225

Tyr

Pro

Pro

Met

Asp

Gly

Pro

Pro

210

Leu

Val

Gly

Val

Asp
290

Glu

Val

Trp

195

Leu

Asn

Asp

Thr

His

275

Val

Ile

Arg

180

Ile

Ala

Asp

Phe

Arg

260

Pro

Leu

Glu

165

Ala

Thr

Ala

Ala

Ser

245

Trp

Asn

Gly

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Tyr Glu

1

Ala

Gly

Arg

Glu

65

Gly

Glu

Trp

Asn

145

Glu

Gly

Gly

Thr

Phe

Ala

Gly

Ile

Ala

Phe

Ile

Glu

130

Glu

Glu

Gly

Lys

Phe
210

Asn

Ala

35

Phe

Leu

Asn

Ile

Arg

115

Lys

Asn

Lys

Asp

Gly

195

Tyr

Thr

20

Leu

Lys

Lys

Asp

Asp

100

Pro

Glu

Phe

Val

Ala
180

Tyr

Pro

238

150

Ala

Arg

Pro

Gly

Val

230

Gly

Ile

Ala

Leu

Asn

Ala

Ala

Asp

215

Arg

Val

Glu

Leu

Asp
295

Thr

Pro

Thr

200

Val

Arg

Ser

Pro

Gly
280

Tyr

His

185

Ala

Pro

Ala

Asp

Leu

265

Glu

Pro

170

Ala

Asp

Tyr

Ala

Gly

250

Leu

Arg

155

Ala

Arg

Pro

Leu

Glu

235

His

Phe

Arg

Saccharomyces cerevisiae

7

Lys

Arg

Val

Gly

His

Ala

85

Asn

Ile

Lys

Ala

Pro
165
Trp

Lys

Gln

Phe

Pro

Asn

Tyr

Glu

70

Cys

Ile

Ile

Ser

Ile

150

Phe

Gln

Ile

Tyr

Leu

Ile

Glu

Thr

55

Ser

Ser

Arg

Ile

Glu

135

Tyr

Val

Gln

Phe

His
215

Leu

Glu

Tyr

40

Ser

Asn

Ala

Gln

Gly

120

Glu

Ser

Ala

Leu

His

200

Pro

Phe

Asp

25

Thr

Arg

Ile

Gly

Met

105

Pro

Ile

Asp

Leu

Leu
185

Asp

Lys

Gly

10

Gly

Arg

Trp

Val

Pro

90

Val

Gly

Ala

Ala

Asn
170
Thr

Glu

Asn

Asp

Lys

Lys

Ala

Met

75

Gln

Ser

Leu

Leu

Leu

155

Lys

Asp

Leu

Met

Leu

Val

Ser

Arg

220

Glu

Asp

Gly

Met

Ser

Asp

Met

Leu

60

Ala

Ser

Leu

Val

Gly

140

Ala

Ala

Gly

Leu

Gln
220

Lys

Ala

Cys

205

Ala

Thr

Ala

His

Ala
285

Ile

Gln

Asp

45

Lys

Thr

Val

Met

Asp

125

Tyr

Lys

Phe

Leu

Lys
205

Tyr

Glu

Ala

190

Phe

Ile

Gly

Cys

Ser

270

Glu

Thr

Tyr

30

Ile

Ile

Ile

Pro

Lys

110

Arg

Phe

Leu

Gln

His
190

Val

Lys

Ala

175

Leu

Leu

Gln

Ala

Glu

255

Leu

His

Glu

15

Ala

Leu

Leu

Phe

Leu

95

Ser

Glu

Arg

Ala

Gln

175

Phe

Ile

Leu

160

Leu

Gly

Lys

Ala

Thr

240

Ala

Val

Thr

Phe

Leu

Gln

Pro

Leu

80

Pro

Tyr

Lys

Thr

Asn

160

Glu

Ser

Glu

Lys
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131 132

-continued

Asp Trp Arg Asp Val Leu Asp Asp Gly Ser Asn Ile Met Ser
225 230 235

<210> SEQ ID NO 8

<211> LENGTH: 347

<212> TYPE: PRT

<213> ORGANISM: Ralstonia sp.

<400> SEQUENCE: 8

Met Asn Leu Arg Gln Trp Met Gly Ala Ala Thr Ala Ala Leu Ala Leu
1 5 10 15

Gly Leu Ala Ala Cys Gly Gly Gly Gly Thr Asp Gln Ser Gly Asn Pro
20 25 30

Asn Val Ala Lys Val Gln Arg Met Val Val Phe Gly Asp Ser Leu Ser
35 40 45

Asp Ile Gly Thr Tyr Thr Pro Val Ala Gln Ala Val Gly Gly Gly Lys
50 55 60

Phe Thr Thr Asn Pro Gly Pro Ile Trp Ala Glu Thr Val Ala Ala Gln
65 70 75 80

Leu Gly Val Thr Leu Thr Pro Ala Val Met Gly Tyr Ala Thr Ser Val
85 90 95

Gln Asn Cys Pro Lys Ala Gly Cys Phe Asp Tyr Ala Gln Gly Gly Ser
100 105 110

Arg Val Thr Asp Pro Asn Gly Ile Gly His Asn Gly Gly Ala Gly Ala
115 120 125

Leu Thr Tyr Pro Val Gln Gln Gln Leu Ala Asn Phe Tyr Ala Ala Ser
130 135 140

Asn Asn Thr Phe Asn Gly Asn Asn Asp Val Val Phe Val Leu Ala Gly
145 150 155 160

Ser Asn Asp Ile Phe Phe Trp Thr Thr Ala Ala Ala Thr Ser Gly Ser
165 170 175

Gly Val Thr Pro Ala Ile Ala Thr Ala Gln Val Gln Gln Ala Ala Thr
180 185 190

Asp Leu Val Gly Tyr Val Lys Asp Met Ile Ala Lys Gly Ala Thr Gln
195 200 205

Val Tyr Val Phe Asn Leu Pro Asp Ser Ser Leu Thr Pro Asp Gly Val
210 215 220

Ala Ser Gly Thr Thr Gly Gln Ala Leu Leu His Ala Leu Val Gly Thr
225 230 235 240

Phe Asn Thr Thr Leu Gln Ser Gly Leu Ala Gly Thr Ser Ala Arg Ile
245 250 255

Ile Asp Phe Asn Ala Gln Leu Thr Ala Ala Ile Gln Asn Gly Ala Ser
260 265 270

Phe Gly Phe Ala Asn Thr Ser Ala Arg Ala Cys Asp Ala Thr Lys Ile
275 280 285

Asn Ala Leu Val Pro Ser Ala Gly Gly Ser Ser Leu Phe Cys Ser Ala
290 295 300

Asn Thr Leu Val Ala Ser Gly Ala Asp Gln Ser Tyr Leu Phe Ala Asp
305 310 315 320

Gly Val His Pro Thr Thr Ala Gly His Arg Leu Ile Ala Ser Asn Val
325 330 335

Leu Ala Arg Leu Leu Ala Asp Asn Val Ala His
340 345

<210> SEQ ID NO 9
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-continued

134

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Gly

Ala

Asn

65

Gly

Glu

Ala

145

Glu

Arg

Gly

Leu

225

Ile

<210>
<211>
<212>
<213>

<400>

Met

1

Phe

Trp

Arg

Asp
65

Ile

Asp

Val

Leu

50

Pro

Gly

Arg

Leu

Leu

130

Asp

Gln

Gly

Val

Thr

210

Val

Val

Ala

Gln

Thr

Ala

Tyr

50

Glu

Gly

Pro

Leu

35

Ala

Arg

Asn

Phe

Val

115

Arg

Arg

Asp

His

Pro

195

Leu

Pro

Thr

Ala

Thr

Glu

Asp

35

Ala

Gln

Ser

Gly

20

Leu

Val

Val

Asp

Glu

100

Thr

Gly

Tyr

Arg

Thr

180

Ala

Asp

Trp

Ala

Val

260

PRT

SEQUENCE :

Asn

Gly

20

Leu

Asn

Val

261

Streptomyces coelicolor

9

Tyr

Pro

Ala

Arg

Val

Ile

85

Leu

Thr

Lys

Gly

Arg

165

Arg

Asp

Val

Ile

Lys

245

Ala

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM:

260

Val

Asp

Asp

Gly

Gly

70

Ile

Ala

Gly

Ile

Cys

150

Ala

Val

Pro

Arg

Gly

230

Gly

Ala

Gly

Arg

Arg

55

Leu

Arg

Val

Phe

Ala

135

Pro

Trp

Ala

Asp

Arg

215

Arg

Thr

Val

Ala

Arg

Leu

Ala

Pro

Ala

Asp

120

Thr

Val

Asp

Leu

Gln

200

Asp

Arg

Leu

Gly

Phe

25

Pro

Leu

Pro

Gly

Ala

105

Thr

Tyr

Leu

Ala

Arg

185

Pro

Asp

Leu

Ser

Asp

10

Val

Glu

Asp

Asp

Thr

90

Leu

Arg

Asn

Asp

Asp

170

Ala

Trp

Val

Arg

Pro
250

Streptomyces coelicolor

10

Pro

Met

Leu

Leu

Asp

Ala

Ser

Ala

Ala

Val
70

Tyr

Asp

Thr

Val

55

Ala

Thr

Leu

Arg

40

Arg

Ala

Ser

Leu

25

Met

Gly

Ala

Leu

10

Pro

Ala

Lys

Met

Ser

Gly

Gly

Gln

Leu

75

Asp

Thr

Gly

Gly

Leu

155

Arg

Gly

Pro

His

Gly

235

Asp

Val

Asp

Ala

Leu

Gly
75

Phe

Trp

Asp

Ile

60

Val

Pro

Ala

Val

His

140

Trp

Leu

Gln

Pro

Trp

220

Glu

Ala

Ala

Gly

Arg

Ile

60

Ala

Thr

Ala

Phe

45

Val

Ser

Asp

Ala

Pro

125

Val

Ser

His

Ala

Leu

205

Ala

Ser

Ile

Val

Ser

Ser

45

Gly

Asp

Glu

Asp

30

Thr

Ala

Phe

Glu

Ala

110

Val

Arg

Leu

Leu

Leu

190

Pro

Arg

Ser

Lys

Gly

Tyr

30

Pro

Gln

Val

Gly

15

Arg

Tyr

Glu

Ala

Val

95

Gly

Leu

Ala

Arg

Ser

175

Gly

Pro

Glu

Gly

Thr
255

Asp

15

Arg

Gly

Ile

Ile

Val

Leu

Thr

Gln

Ala

80

Ala

Thr

Lys

Ile

Ser

160

Pro

Leu

Arg

Tyr

Asp

240

Arg

Ser

Gly

Phe

Val

Thr
80



135

US 9,228,211 B2

-continued

136

Leu

Arg

Cys

Leu

Asp

145

Gln

Thr

Gly

Pro

Arg

225

Ser

Asp

Val

Val

Glu

Glu

130

Leu

Ser

Ala

His

Pro

210

Gln

Gly

Pro

Gly

Arg

Gln

115

Arg

Ala

Leu

Glu

Glu

195

Pro

His

Asp

Ala

Gly

Asp

100

Leu

Phe

Gly

Ala

Gly

180

Pro

Gly

Leu

Gly

Arg
260

Leu Asn
85

Leu Leu

Val Leu

Arg Pro

Arg His
150

Asp Pro
165

His Arg

Glu Asp

Trp Val

Leu Pro

230

Leu Pro
245

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Ala

Leu

Thr

65

Pro

Leu

Ala

Leu
145

Thr

Ala

Ile

Gln

50

Gly

Gly

His

Tyr

Ala

130

Thr

Met

Val

Arg

Leu

Tyr

35

Ala

Ala

Thr

Thr

Gly

115

Gly

Phe

Ser

Thr

Gly

Leu

20

Ala

Gly

Trp

Glu

Ser

100

Gln

Pro

Gly

Asp

Thr

454

Asp

Thr

Met

Arg

135

Gly

Arg

Arg

Pro

Thr

215

Trp

Ala

Thr

Gln

Arg

120

Met

Ala

Met

Val

Glu

200

Arg

Ile

Lys

Leu

Ala

105

Ser

Glu

Val

Trp

Ala

185

Trp

Arg

Gly

Arg

Arg

Val

Pro

Ala

Val

Asp

170

Glu

His

Thr

Arg

Pro
250

Streptomyces coelicolor

11

Arg Asp

Ala Ala

Gly Ala

Gly Arg

Val Gly

Thr Thr

85

Val Gly

Ser Pro

Asp Thr

Gly Ser
150

Thr Ala
165

Tyr Ser

Gly

Ile

Ser

Leu

55

Ala

Gly

Gly

Leu

Ala

135

Ala

Arg

Pro

Gly

Val

Ala

40

Pro

Trp

Leu

Thr

Thr

120

Ala

Arg

Leu

Ile

Ala

Thr

25

Asp

Arg

Ala

Ala

Gly

105

Val

Ala

Val

Ala

Pro

Gly

10

Leu

Asp

Gly

Thr

Gly

90

Ala

Thr

Ile

Ile

Ile
170

Ser

Pro

Glu

Gly

Leu

Val

155

Val

Ala

Ala

Ala

Arg

235

Asp

Ala

Ile

Gly

Asp

Ala

75

Arg

Arg

His

Ala

Ile

155

Pro

Gly

Lys

Arg

Arg

Phe

140

Asp

Asp

Val

Pro

Asp

220

Leu

Leu

Pro

Val

Ser

Ala

60

Pro

Ser

Ile

Ala

Asp

140

Pro

Tyr

Pro

Cys

Leu

Gln

125

Ala

Leu

Arg

Trp

Ile

205

Val

Thr

Leu

Pro

Ala

Arg

45

Ala

Ala

Val

Thr

Ser

125

Thr

Ala

Gly

Val

Asp

Ala

110

Gly

Val

Tyr

Leu

Gln

190

Pro

Arg

Gly

Pro

Thr

Ile

Asp

Pro

Ala

Arg

Leu

110

Ile

Met

Gly

Ala

Thr

Met

95

Pro

Pro

Ile

Gly

His

175

Ser

Ala

Phe

Arg

Tyr
255

Lys

15

Ser

His

Ala

Ala

Asn

95

Ser

Ala

Arg

Gly

Asn
175

Tyr

Ala

His

Val

Asp

Ala

160

Leu

Leu

Thr

Ala

Ser

240

Glu

His

Ala

Ala

Ser

Glu

80

Val

Asn

Leu

Arg

Gln

160

Val

His
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-continued

138

Pro

Asp

Leu

225

Ala

Asn

Gly

Ser

Pro

305

Pro

Thr

Arg

385

Met

Gly

Ala

Gln

Val

210

Thr

Phe

His

Asp

Gly

290

Ser

Lys

Glu

Asp

Pro

370

Gln

Val

Arg

Tyr

Ala
450

Ala

195

Thr

Ala

Gly

Arg

Gly

275

Asn

Gly

Ala

Leu

Arg

355

Phe

Glu

Asp

Ser

Ala

435

Pro

180

Arg

Ala

Leu

Asp

Trp

260

Arg

Arg

Leu

Val

Ala

340

Ala

Gly

Val

Phe

Asp

420

Arg

Val

Gln

Val

Asp

Ser

245

Thr

Asp

Leu

Ser

Val

325

Asp

His

Gly

Asn

Asp

405

Tyr

Met

Lys

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ala

Gly

Gly

Leu

65

Ser

Thr

Ala

Leu

Thr

50

Pro

Thr

Ser

Tyr

Val

35

Pro

Thr

Ala

Met

Gly

20

Val

Thr

Ala

Ala

340

Thr

Ala

Val

230

Ile

Asp

Thr

Leu

Arg

310

Val

Arg

Ala

Tyr

Glu

390

Lys

Gly

Ala

Ser

Tyr

215

Leu

Thr

Val

Pro

Thr

295

Phe

Val

Asp

Arg

Gly

375

Glu

Ala

Ser

Ala

Tyr

200

Thr

Ser

Asp

Leu

Arg

280

Ser

Gln

Leu

Ala

Gly

360

Gly

Ile

Leu

Gly

Val
440

185

Leu

Thr

His

Gly

Ala

265

Tyr

Arg

Arg

Gly

Ile

345

Leu

Tyr

Arg

Arg

Asp

425

Ile

Ala

Pro

Glu

Ala

250

Ala

Ser

Pro

Asp

Val

330

Leu

Arg

Thr

Ser

Asp

410

His

Asp

Streptomyces coelicolor

12

Ser

Gly

Ala

Arg

Gly

Gly
85

Arg

Gly

Glu

Val

Asp

70

Gln

Ala

Gly

Val

Pro

55

Pro

Gly

Arg

Ile

Gln

40

Asn

Pro

Val

Val

Gly

25

Leu

Ala

Leu

His

Ala
10

Leu

Ala

Gln

Arg

Arg
90

Asp

Thr

Ala

235

Arg

Arg

Val

Gly

Val

315

Asn

Thr

Val

Glu

Gly

395

Pro

Leu

Leu

Arg

Ala

Arg

Gly

Leu

75

Ala

Gly

Pro

220

Asp

Ser

Leu

Val

Arg

300

Leu

Asp

Gly

Val

Ala

380

Arg

Tyr

His

Ala

Arg

Gly

Arg

Leu

60

Met

Gly

Asp

205

Tyr

Gly

Gln

His

Asn

285

Pro

Glu

Val

Leu

Gly

365

Arg

Val

Asp

Pro

Ala
445

Ile

Ala

Arg

45

Tyr

Met

Gln

190

Arg

Trp

Thr

Ser

Glu

270

Glu

Ala

Arg

Leu

Arg

350

Ala

Glu

Phe

Pro

Gly

430

Leu

Ala

Ala

30

Val

Gly

Leu

Thr

Thr

Arg

Val

Asp

255

Ala

Gly

Asp

Thr

Asn

335

Thr

Thr

Thr

Asp

Arg

415

Asp

Lys

Ala
15

Ala

Gly

Gly

Gly

Pro
95

Ala

Tyr

Val

240

Ala

Ala

Ile

Asn

Asn

320

Ser

Leu

Ile

Met

Thr

400

Arg

Lys

Gly

Gly

Val

Val

Thr

Asp

80

Gly
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-continued

140

Ala

Leu

Gln

145

Arg

Gly

Arg

Leu

225

Glu

Thr

Trp

Leu

Glu

305

Leu

Pro

Leu

Gly

Val

130

Ile

Ser

Ala

Val

Ala

210

Ser

Leu

Ala

Pro

Pro

290

Val

Lys

Ser

Leu

Ser

115

Ala

Met

Val

Glu

Arg

195

Ala

Leu

Phe

Ala

Ala

275

Val

Ala

Arg

Gly

Ala

100

Val

Leu

Val

Arg

Val

180

Gln

Ala

Gly

Gly

Met

260

Asp

Ala

Ala

Arg

Val
340

Ser

Ala

Val

Gly

His

165

Val

Pro

Gln

Asp

Pro

245

Ala

Glu

Arg

Ala

Arg
325

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces coelicolor

PRT

<400> SEQUENCE:

Met

1

Arg

Ala

Pro

Ser

65

Ala

Ala

Ala

Gly

Val

Gly

Ser

50

Val

Val

Lys

Glu

Arg

Ala

Cys

35

Lys

Ala

Leu

Val

His
115

Gly

Leu

20

Asp

Arg

Ala

Ser

Asp

100

Ser

305

13

Thr

Ala

Ser

Thr

Val

Asp

85

Ser

Trp

Gly

Gln

Leu

Ala

150

Leu

Val

Leu

Thr

Leu

230

Asp

Val

Glu

Ala

Met

310

Arg

Asp

Ala

Val

Arg

Gly

70

Cys

Leu

Asn

Leu

Pro

Ala

135

Asn

Ser

Gly

Arg

Ile

215

Leu

Asn

Leu

His

Ala

295

Pro

Arg

Gln

Leu

Gly

Thr

55

Asp

Pro

Ala

Tyr

Ala

Gly

120

Glu

Asp

Ser

Thr

Trp

200

Gly

Gly

Tyr

Pro

Pro

280

Ala

Thr

Arg

Arg

Thr

Gly

40

Ala

Ser

Glu

Val

Ala
120

Ala

105

Ala

Pro

Val

Ala

Cys

185

Leu

Ala

Pro

His

Ser

265

Asp

Glu

Gly

Val

Thr

Ala

Asp

Pro

Ile

Val

Arg

105

Val

Val

Cys

Asp

Thr

Val

170

Pro

Ala

Val

Glu

Pro

250

Val

Ala

Ala

Pro

Ser
330

Arg

10

Ala

Ser

Ala

Thr

Ser

90

Leu

Thr

Ala

Ser

Arg

His

155

Arg

Asp

Arg

Glu

Phe

235

Ser

Cys

Leu

Ala

Arg

315

Glu

Tyr

Val

Pro

Trp

Arg

75

Trp

Leu

Gly

Glu Arg Pro

Asp

Val

140

Arg

Arg

Leu

Arg

Gln

220

Ala

Ala

Ala

Arg

Ser

300

Gly

Ala

Gly

Leu

Ala

Asp

60

Gly

Ala

Gly

Ala

Asp

125

Pro

Met

Leu

Gly

Ala

205

Gly

Gln

Glu

Ala

Arg

285

Glu

Pro

Glu

Arg

Gly

Pro

45

Thr

Phe

Thr

Lys

Arg
125

110

Leu

Asp

Pro

Arg

Thr

190

Ser

Gly

Asn

Gly

Leu

270

Glu

Ala

Trp

Pro

Arg

Val

Ser

Ser

Asp

Gly

Ala

110

Met

Val

Asp

Ile

Ala

Thr

175

Ile

Arg

Arg

Pro

Tyr

255

Gly

Gly

Gly

Ala

Ser
335

Arg

15

Gly

Gly

Pro

Ala

Ser
95

Asp

Ala

Arg

Arg

Cys

Thr

160

Ala

Glu

Gln

Thr

Arg

240

Ala

Leu

Phe

Thr

Leu

320

Ser

Ala

Val

Ser

Ala

Cys

80

Ser

Ala

Asp
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-continued

142

Leu

Ala

145

Met

Thr

Pro

Lys

Asp

225

Arg

Arg

Thr

Gln

Pro
305

Thr

130

Val

Thr

Leu

Asp

Gln

210

Ser

Val

Arg

Asp

Ala
290

Ala

Met

Pro

Arg

Leu

195

Val

Leu

Ala

Cys

Gln

275

Arg

Gln

Ala

Val

Lys

180

Lys

Trp

Asp

Asp

Arg

260

Leu

Leu

Val Thr

Gly Ala
150

Ala Asp
165

Lys Leu

Arg Leu

Lys Leu

Ser Ala

230
Tyr Asn
245
Ser Asp

Ser His

Ala Glu

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Pro

Ile

Thr

65

Phe

Lys

Ile

Leu

Tyr

145

Ile

Arg

Ala

Gln

Gly

50

Lys

Asn

Gln

Gly

Gln

130

Ile

Asp

Phe

Leu

Ala

35

Ala

Ser

Phe

Leu

Gly

115

Gly

Gln

Ser

Tyr

Ala

Thr

Gly

Tyr

Thr

Thr

100

Asn

Glu

Gln

Arg

Lys

268

Streptomyces rimosus

14

Arg Arg

Leu Phe

Asp Tyr

Ser Tyr

Pro Ala
70

Ala Cys
85

Pro Val

Asp Ala

Ser Ala

Thr Leu
150

Ala Pro
165

Leu Gly

Arg

135

Asn

Phe

Pro

Trp

Gly

215

Ala

Glu

Asp

Trp

Ile
295

Ala

Gly

Val

Asp

55

Leu

Ser

Asn

Gly

Cys

135

Pro

Ala

Gly

Ala

Asp

Arg

Lys

Ser

200

Leu

Thr

Val

Gly

Asp

280

Ala

Ala

Ala

Ala

40

Ser

Trp

Gly

Ser

Phe

120

Leu

Ala

Ala

Ser

Ala

Ala

Ala

Ala

185

Gln

Cys

Leu

Leu

Ala

265

Trp

Tyr

Thr

Ser

25

Leu

Ser

Ala

Ala

Gly

105

Ala

Ala

Gln

Gln

Cys

Gln

Cys

Gln

170

Gln

Gly

Pro

Arg

Arg

250

Val

Phe

Arg

Ala

10

Ala

Gly

Ser

Ala

Arg

90

Thr

Asp

Arg

Leu

Val

170

Ala

Arg

Arg

155

Phe

Val

Arg

Ser

Arg

235

Glu

His

His

Ala

Ser

Ala

Asp

Gly

Ser

75

Thr

Asp

Thr

Ile

Asp
155

Val

Val

Glu

140

Ser

Glu

Tyr

Thr

Met

220

Asn

Val

Glu

Pro

Val
300

Ala

Val

Ser

Ser

60

His

Gly

Leu

Met

Ala

140

Gln

Val

Gly

Pro

Thr

Glu

Val

Asn

205

Leu

Thr

Cys

Phe

Ser

285

Thr

Leu

Ser

Tyr

45

Cys

Thr

Asp

Val

Thr

125

Lys

Val

Leu

Leu

Glu

Thr

Ala

Ser

190

Pro

Gly

Val

Ala

Arg

270

Val

Ala

Leu

Ala

Ser

Lys

Gly

Val

Ser

110

Thr

Ala

Tyr

Gly

Ser

Leu

Ser

Met

175

Ser

Leu

Asp

Arg

Lys

255

Phe

Asp

Lys

Leu

15

Pro

Ser

Arg

Thr

Leu

95

Ile

Cys

Arg

Asp

Tyr

175

Glu

Val

Ala

160

Ala

Ile

Gly

Ala

Asp

240

Asp

Gly

Gly

Asn

Thr

Arg

Gly

Ser

Arg

Ala

Thr

Asn

Ala

Ala

160

Pro

Lys
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-continued

144

Ser

Ala

Thr

225

Ser

Arg

Lys

210

Phe

Thr

Lys

Ala

195

Arg

Ala

Leu

Gly

180

Ala

Ala

Gly

Pro

Tyr
260

Ile

Ala

His

Val

245

Leu

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Gln

Asp

Leu

65

Asn

Trp

Gln

Trp

Asp
145

Leu

Ala

225

Asn

Ser

Leu

Lys

Ala

Ser

Pro

50

Trp

Glu

Asn

Phe

Val

130

Ala

Leu

Gln

Val

Ala

210

Glu

Pro

Val

Ala

Lys

Ala

Leu

35

Ser

Leu

Ala

Pro

Leu

115

Gly

Lys

Asn

Asn

Ser

195

Pro

Met

Cys

Ser

Ile
275

Trp

Asp

20

Ser

Ser

Glu

Glu

Lys

100

Gln

Ala

Arg

Gly

Pro

180

Ala

Thr

Leu

Tyr

Thr

260

Ala

336

Asn

Asp

Glu

230

Glu

Pro

Ala

His

215

Leu

Asn

Val

Ala

200

Gly

Cys

Ser

Leu

185

Ala

Phe

Ser

Tyr

Asn
265

Asp

Ala

Gly

His

250

Ser

Aeromonas salmonicida

15

Phe

Thr

Asp

Pro

Gln

Gly

85

Tyr

Lys

Asn

Val

Ala

165

Ser

Tyr

Gly

Arg

Asp

245

Asp

Gly

Val

Arg

Thr

Pro

Leu

70

Gly

Gln

Asp

Asp

Arg

150

Lys

Ala

His

Met

Asp
230
Gly

Arg

Asn

Cys

Pro

Gly

Tyr

55

Thr

Ala

Val

Ser

Tyr

135

Asp

Gln

Arg

Asn

Val

215

Pro

Gly

Gln

Pro

Leu

Ala

Lys

40

Tyr

Lys

Thr

Ile

Phe

120

Leu

Ala

Ile

Ser

Lys

200

Lys

Gln

Tyr

Leu

Leu
280

Leu

Phe

25

Met

Glu

Gln

Ala

Asn

105

Lys

Ala

Ile

Leu

Gln

185

Leu

Leu

Asn

Val

Ser

265

Leu

Gly

10

Ser

Tyr

Gly

Phe

Val

90

Asn

Pro

Tyr

Ser

Leu

170

Lys

Leu

Phe

Phe

Trp
250

Ala

Ala

Asp

Phe

Ala

235

Pro

Ala

Leu

Arg

Ser

Arg

Pro

75

Ala

Leu

Asp

Gly

Asp

155

Phe

Val

Leu

Glu

Gly

235

Lys

Phe

Gln

Ile

Gly

220

Pro

Thr

Thr

Ile

Ile

Lys

Phe

60

Gly

Tyr

Asp

Asp

Trp

140

Ala

Asn

Val

Asn

Ile

220

Leu

Pro

Ser

Ala

Asn
205
Asp

Trp

Ala

Ala

Val

Met

45

Ser

Leu

Asn

Tyr

Leu

125

Asn

Ala

Leu

Glu

Leu

205

Asp

Ser

Phe

Pro

Val
285

190

Ala

Val

Leu

Asn

Leu

Met

30

Arg

Asn

Thr

Lys

Glu

110

Val

Thr

Asn

Pro

Ala

190

Ala

Lys

Asp

Ala

Gln
270

Ala

Val

Asn

His

Gly
255

Thr

15

Phe

Gly

Gly

Ile

Ile

95

Val

Ile

Glu

Arg

Asp

175

Val

Arg

Gln

Val

Thr
255

Glu

Ser

Thr

Thr

Ser

240

Gln

Val

Gly

Tyr

Pro

Ala

80

Ser

Thr

Leu

Gln

Met

160

Leu

Ser

Gln

Phe

Glu
240
Arg

Arg

Pro
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-continued

146

Met

Trp
305

Arg

Ala
290

Asp

Ala

Arg Arg Ser Ala

Gln Val His Pro

310

Ala Thr Phe Ile

325

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ala

1

Leu

Ser

Leu

Ala

65

Pro

Leu

Gly

Lys

Asn

145

Asn

Ser

Pro

Met

Cys

225

Ser

Ile

Arg

Gln

Ala
305

Asp

Ser

Ser

Glu

50

Glu

Lys

Gln

Ala

Arg

130

Gly

Pro

Ala

Thr

Leu

210

Tyr

Thr

Ala

Arg

Val
290

Thr

Thr

Asp

Pro

35

Gln

Gly

Tyr

Lys

Asn

115

Val

Ala

Ser

Tyr

Gly

195

Arg

Asp

Asp

Gly

Ser
275

His

Phe

Arg

Thr

20

Pro

Leu

Gly

Gln

Asp

100

Asp

Arg

Lys

Ala

His

180

Met

Asp

Gly

Arg

Asn
260
Ala

Pro

Ile

<210> SEQ ID NO

318

Ser
295

Thr

Glu

Pro Leu Asn

Thr Val Val

Thr Gln Tyr

330

Aeromonas salmonicida

16

Pro

Gly

Tyr

Thr

Ala

Val

85

Ser

Tyr

Asp

Gln

Arg

165

Asn

Val

Pro

Gly

Gln

245

Pro

Ser

Thr

Glu

17

Ala

Lys

Tyr

Lys

Thr

70

Ile

Phe

Leu

Ala

Ile

150

Ser

Lys

Lys

Gln

Tyr

230

Leu

Leu

Pro

Thr

Thr
310

Phe

Met

Glu

Gln

55

Ala

Asn

Lys

Ala

Ile

135

Leu

Gln

Leu

Leu

Asn

215

Val

Ser

Leu

Leu

Val
295

Gln

Ser

Tyr

Gly

Phe

Val

Asn

Pro

Tyr

120

Ser

Leu

Lys

Leu

Phe

200

Phe

Trp

Ala

Ala

Asn
280

Val

Tyr

Arg

Ser

25

Arg

Pro

Ala

Leu

Asp

105

Gly

Asp

Phe

Val

Leu

185

Glu

Gly

Lys

Phe

Gln
265
Cys

His

Glu

Ile

10

Lys

Phe

Gly

Tyr

Asp

90

Asp

Trp

Ala

Asn

Val

170

Asn

Ile

Leu

Pro

Ser

250

Ala

Glu

Ala

Phe

Cys
His
315

Glu

Val

Met

Ser

Leu

Asn

75

Tyr

Leu

Asn

Ala

Leu

155

Glu

Leu

Asp

Ser

Phe

235

Pro

Val

Gly

Ala

Leu
315

Glu
300
Ala

Phe

Met

Arg

Asn

Thr

60

Lys

Glu

Val

Thr

Asn

140

Pro

Ala

Ala

Lys

Asp

220

Ala

Gln

Ala

Lys

Leu
300

Ala

Gly Lys Met

Ala Leu Ser

Leu Ala His

Phe

Gly

Gly

Ile

Ile

Val

Ile

Glu

125

Arg

Asp

Val

Arg

Gln

205

Val

Thr

Glu

Ser

Met
285

Ser

His

Gly

Tyr

30

Pro

Ala

Ser

Thr

Leu

110

Gln

Met

Leu

Ser

Gln

190

Phe

Glu

Arg

Arg

Pro
270
Phe

Glu

Gly

335

Asp

15

Leu

Val

Asn

Trp

Gln

95

Trp

Asp

Val

Gly

His

175

Leu

Ala

Asn

Ser

Leu

255

Met

Trp

Arg

Phe
Glu
320

Gly

Ser

Pro

Trp

Glu

Asp

80

Phe

Val

Ala

Leu

Gln

160

Val

Ala

Glu

Pro

Val

240

Ala

Ala

Asp

Ala
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US 9,228,211 B2

-continued

148

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Tyr Phe

1

Phe

Pro

Asn

Asn

65

Asn

Lys

Ala

Thr

Tyr

145

Gly

Lys

Trp

Gln

Leu

225

Ser

Asn

Leu

Gly

Tyr

305

Ile

Gln

Ile

Lys

Ser

Val

Gln

Val

50

Ala

Ala

Leu

Pro

Gln

130

Val

Leu

Ser

Gly

Lys

210

Gly

Gly

Glu

Leu

Gly

290

Phe

Leu

Ile

Val

Ser
370

Ile

Leu

Gly

Pro

Trp

Ile

Val

Ser

115

Gly

Val

Gln

Gly

Tyr

195

Glu

Gly

Pro

Tyr

Ser

275

Ile

Pro

Gln

Pro

Asn
355

Gly

Val

Ala

20

Tyr

Asn

Gln

Val

Ser

100

Tyr

Glu

Thr

Ser

Asn

180

Ser

Tyr

Phe

Phe

Pro

260

Ile

Ala

Asp

Asp

Leu
340
Ser

Glu

Gly

465

Candida

17

Ala

Pro

Glu

Pro

Leu

Thr

85

Tyr

Ala

Met

Pro

Gly

165

Leu

Gly

Ala

Val

Ala

245

Asp

Thr

Tyr

Gly

Asn

325

Phe

Arg

Tyr

Ala

Ile

Lys

Ala

Leu

Leu

70

Thr

Gln

Ile

Tyr

Asp

150

Arg

Thr

Gly

Pro

Thr

230

Gly

Phe

Tyr

Phe

Trp

310

Gly

Ile

Lys

Asn

Pro

parapsilosis

Ala

Lys

Gln

Thr

55

Val

Ile

Thr

Gln

Tyr

135

Tyr

Ala

Gly

Ser

Glu

215

Asn

Ile

Lys

Arg

Gly

295

Asp

Leu

Tyr

Thr

Glu
375

Ala

Phe

Pro

Pro

40

Asn

Arg

Ile

Phe

Tyr

120

Ile

Glu

Thr

Val

Leu

200

Leu

Ile

Ile

Asn

Leu

280

Lys

Leu

Val

His

Phe
360

Asp

Ala

Leu

Ser

25

Leu

Val

Ser

Gln

Glu

105

Gly

Ser

Gly

Leu

Ser

185

Ala

Ser

Thr

Ser

Tyr

265

Gly

Ser

Val

Tyr

Gly

345

Gln

Leu

Leu

Leu

10

Gln

Gly

Phe

Glu

Pro

90

Asp

Ser

Ala

Pro

Asn

170

Ser

Ser

Lys

Ala

Asn

250

Leu

Asn

Phe

Asn

Gln

330

Thr

Gln

Thr

Thr

Ile

Asp

Ser

Thr

Asp

75

Phe

Ser

Asp

Leu

Lys

155

Ser

Asp

Gly

Asn

Thr

235

Ala

Leu

Thr

Phe

Gln

315

Pro

Leu

Trp

Asn

Trp

Asn

Asp

Ile

Pro

60

Thr

Asn

Gly

Ile

Leu

140

Ser

Leu

Ala

Trp

Leu

220

Ala

Leu

Lys

His

Ser

300

Glu

Lys

Asp

Cys

Gly

380

Ile

Thr

Phe

Leu

45

Val

Phe

Ala

Lys

Ser

125

Asp

Thr

Arg

Glu

Ala

205

Leu

Glu

Ala

Lys

Cys

285

Arg

Pro

Asp

Ala

Asp
365

His

Ile

Ile

Tyr

30

Lys

Lys

Gly

Lys

Leu

110

Thr

Gln

Phe

Ala

Thr

190

Ala

Gly

Ala

Gly

Val

270

Leu

Ile

Ile

Leu

Ile
350
Trp

Ile

Asn

Ser

15

Thr

Thr

Val

Asn

Lys

95

Asp

Leu

Gly

Thr

Thr

175

Leu

Ala

Ala

Val

Ile

255

Ser

Leu

Ile

Lys

Thr

335

Val

Gly

Thr

Arg

Ala

Pro

Arg

Gln

Pro

80

Asp

Cys

Thr

Tyr

Val

160

Leu

Leu

Ile

Ala

Asp

240

Gly

Pro

Asp

Arg

Thr

320

Pro

Pro

Leu

Glu

Phe
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-continued

150

385

Asn

Asn

Ala

Arg

Phe
465

Gly

Leu

Ala

Asp
450

Gln

Glu

Leu

435

Lys

Pro
Tyr
420

His

Val

390
Pro Val
405
Pro Gly

Ala Ile

Thr Leu

<210> SEQ ID NO 18

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Tyr Phe

1

Phe

Pro

Asn

Asn

65

Asn

Lys

Ala

Thr

Tyr

145

Gly

Lys

Trp

Gln

Leu
225
Ser

Asn

Leu

Val

Gln

Val

Ala

Ala

Leu

Pro

Gln

130

Val

Leu

Ser

Gly

Lys

210

Gly

Gly

Glu

Leu

Leu

Gly

35

Pro

Trp

Ile

Val

Ser

115

Gly

Val

Gln

Gly

Tyr

195

Glu

Gly

Pro

Tyr

Ser
275

Ala

20

Tyr

Asn

Gln

Val

Ser

100

Tyr

Glu

Thr

Ser

Asn

180

Ser

Tyr

Phe

Phe

Pro
260

Ile

471

Candida
18

Ala Ile

Pro Lys

Glu Ala

Pro Leu

Leu Leu
70

Thr Thr
85

Tyr Gln

Ala Ile

Met Tyr

Pro Asp
150

Gly Arg
165

Leu Thr

Gly Gly

Ala Pro

Val Thr
230

Ala Gly
245

Asp Phe

Thr Tyr

Asp Gly Cys Gln
410

Thr Pro Gln Ser
425

Leu Gly Phe Asp
440

Gly Gly Leu Leu
455

parapsilosis

Ala Phe Leu Leu
10

Lys Pro Ser Gln
25

Gln Pro Leu Gly
40

Thr Asn Val Phe
55

Val Arg Ser Glu
Ile Ile Gln Pro
90

Thr Phe Glu Asp
105

Gln Tyr Gly Ser
120

Tyr Ile Ser Ala
135

Tyr Glu Gly Pro
Ala Thr Leu Asn
170

Gly Val Ser Ser
185

Ser Leu Ala Ser
200

Glu Leu Ser Lys
215

Asn Ile Thr Ala
Ile Ile Ser Asn
250

Lys Asn Tyr Leu
265

Arg Leu Gly Asn
280

395

His

Ile

Leu

Lys

Ile

Asp

Ser

Thr

Asp

75

Phe

Ser

Asp

Leu

Lys

155

Ser

Asp

Gly

Asn

Thr
235
Ala

Leu

Thr

Asn

Lys

Gly

Leu
460

Asn

Asp

Ile

Pro

60

Thr

Asn

Gly

Ile

Leu

140

Ser

Leu

Ala

Trp

Leu

220

Ala

Leu

Lys

His

Val

Asn

Pro

445

Glu

Thr

Phe

Leu

45

Val

Phe

Ala

Lys

Ser

125

Asp

Thr

Arg

Glu

Ala

205

Leu

Glu

Ala

Lys

Cys
285

Arg
Tyr
430

Asp

Arg

Ile

Tyr

30

Lys

Lys

Gly

Lys

Leu

110

Thr

Gln

Phe

Ala

Thr

190

Ala

Gly

Ala

Gly

Val
270

Leu

Ala
415
Phe

Val

Phe

Ser

15

Thr

Thr

Val

Asn

Lys

95

Asp

Leu

Gly

Thr

Thr

175

Leu

Ala

Ala

Val

Ile
255

Ser

Leu

400

Ser

Glu

Lys

Ala

Ala

Pro

Arg

Gln

Pro

80

Asp

Cys

Thr

Tyr

Val

160

Leu

Leu

Ile

Ala

Asp

240

Gly

Pro

Asp
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-continued

152

Gly

Tyr

305

Ile

Gln

Ile

Lys

Ser

385

Asn

Asn

Ala

Arg

Phe
465

<210>
<211>
<212>
<213>

<400>

Gly

290

Phe

Leu

Ile

Val

Ser

370

Ile

Gly

Leu

Ala

Asp

450

His

Ile

Pro

Gln

Pro

Asn

355

Gly

Val

Gln

Glu

Leu

435

Lys

His

Ala

Asp

Asp

Leu

340

Ser

Glu

Gly

Pro

Tyr

420

His

Val

His

PRT

SEQUENCE :

Met Ile Gly Ser

1

Gly

Ala

Asn

65

Gly

Glu

Ala
145

Glu

Asp

Val

Leu

50

Pro

Gly

Arg

Leu

Leu
130
Asp

Gln

Gly

Pro

Leu

35

Ala

Arg

Asn

Phe

Val

115

Arg

Arg

Asp

His

Gly

20

Leu

Val

Val

Asp

Glu

100

Thr

Gly

Tyr

Arg

Thr
180

Tyr

Gly

Asn

325

Phe

Arg

Tyr

Ala

Pro

405

Pro

Ala

Thr

His

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Streptomyces coelicolor

261

19

Tyr

Pro

Ala

Arg

Val

Ile

Leu

Thr

Lys

Gly

Arg

165

Arg

Phe

Trp

310

Gly

Ile

Lys

Asn

Pro

390

Val

Gly

Ile

Leu

His
470

Val

Asp

Asp

Gly

Gly

70

Ile

Ala

Gly

Ile

Cys
150

Ala

Val

Gly

295

Asp

Leu

Tyr

Thr

Glu

375

Ala

Asp

Thr

Leu

Gly

455

His

Ala

Gly

Arg

Arg

55

Leu

Arg

Val

Phe

Ala

135

Pro

Trp

Ala

Lys

Leu

Val

His

Phe

360

Asp

Ala

Gly

Pro

Gly

440

Gly

Val

Ala

Arg

40

Leu

Ala

Pro

Ala

Asp

120

Thr

Val

Asp

Leu

Ser

Val

Tyr

Gly

345

Gln

Leu

Leu

Cys

Gln

425

Phe

Leu

Gly

Phe

25

Pro

Leu

Pro

Gly

Ala

105

Thr

Tyr

Leu

Ala

Arg
185

Phe

Asn

Gln

330

Thr

Gln

Thr

Thr

Gln

410

Ser

Asp

Leu

Asp

10

Val

Glu

Asp

Asp

Thr

90

Leu

Arg

Asn

Asp

Asp

170

Ala

Phe

Gln

315

Pro

Leu

Trp

Asn

Trp

395

His

Ile

Leu

Lys

Ser

Gly

Gly

Gln

Leu

75

Asp

Thr

Gly

Gly

Leu
155

Arg

Gly

Ser

300

Glu

Lys

Asp

Cys

Gly

380

Ile

Asn

Lys

Gly

Leu
460

Phe

Trp

Asp

Ile

60

Val

Pro

Ala

Val

His

140

Trp

Leu

Gln

Arg

Pro

Asp

Ala

Asp

365

His

Ile

Val

Asn

Pro

445

Glu

Thr

Ala

Phe

45

Val

Ser

Asp

Ala

Pro

125

Val

Ser

His

Ala

Ile

Ile

Leu

Ile

350

Trp

Ile

Asn

Arg

Tyr

430

Asp

Arg

Glu

Asp

Thr

Ala

Phe

Glu

Ala

110

Val

Arg

Leu

Leu

Leu
190

Ile

Lys

Thr

335

Val

Gly

Thr

Arg

Ala

415

Phe

Val

Phe

Gly

15

Arg

Tyr

Glu

Ala

Val

Gly

Leu

Ala

Arg

Ser
175

Gly

Arg

Thr

320

Pro

Pro

Leu

Glu

Phe

400

Ser

Glu

Lys

Ala

Val

Leu

Thr

Gln

Ala

80

Ala

Thr

Lys

Ile

Ser

160

Pro

Leu
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-continued

154

Arg

Gly

Leu

225

Ile

<210>
<211>
<212>
<213>

<400>

Thr

1

Gly

Ala

Thr

Asp

Thr

Tyr

Tyr

Ile

Leu

Thr
225

<210>
<211>
<212>
<213>

<400>

Val

Thr

210

Val

Val

Ala

Thr

Ser

Thr

Arg

50

Tyr

Asp

Ser

Leu

Leu

130

Asn

Ala

Glu

Thr

Lys

210

Thr

Pro

195

Leu

Pro

Thr

Ala

Val

Gly

Val

35

Glu

Val

Asn

Val

Glu

115

Ser

Ser

Gly

Thr

His

195

Ala

Ser

Ala

Asp

Trp

Ala

Val

260

PRT

SEQUENCE :

Tyr

Thr

20

Val

Gly

Ile

Gly

Tyr

100

Asn

Ser

Pro

Val

Leu

180

Thr

Val

Phe

PRT

SEQUENCE :

18

Asp

Val

Ile

Lys

245

Ala

SEQ ID NO 20
LENGTH:
TYPE :
ORGANISM: Aspergillus

230

20

Leu

Asn

Asn

Arg

Val

Arg

85

Asp

Ala

Gln

Thr

Glu

165

Gly

Ser

Val

Glu

SEQ ID NO 21
LENGTH:
TYPE :
ORGANISM: Aeromonas sp.

21

Pro

Arg

Gly

230

Gly

Ala

Gly

Asp

Phe

Glu

70

Thr

Gly

Ala

Thr

Arg

150

Tyr

Asn

Pro

Cys

Gly
230

Asp
Arg
215

Arg

Thr

Gly

Trp

Ala

Glu

55

Phe

Asp

Val

Lys

Pro

135

Phe

Val

Ala

Ala

Thr
215

Gln
200
Asp

Arg

Leu

Pro

Asp

Leu

Ser

Trp

Val

Arg

Pro
250

aculeatus

Asp

Gly

Val

40

Asn

Gly

Cys

Asn

Leu

120

Asn

Val

Asp

Thr

Gly

200

Gly

Ser

Glu

25

Ala

Ile

His

Ser

Glu

105

Phe

Asn

Glu

His

Val

185

Ala

Thr

Thr

10

Tyr

Gly

Ala

Asn

Gly

90

Thr

Thr

Pro

Tyr

Trp

170

Asn

Glu

Ser

Pro

His

Gly

235

Asp

Met

Leu

Arg

Asp

Asp

Thr

Ile

Ala

Trp

Ala

155

Ser

Ser

Val

Leu

Pro
Trp
220

Glu

Ala

Ala

Ala

Ser

Val

60

Gly

Gly

Leu

Lys

Glu

140

Glu

Tyr

Tyr

Val

Lys
220

Leu
205
Ala

Ser

Ile

Lys

Ser

Ala

45

Val

Gly

Ala

Thr

Gly

125

Thr

Leu

Val

Phe

Ala

205

Ser

Pro

Arg

Ser

Lys

Asn

Tyr

30

Arg

Thr

Ser

Glu

Phe

110

Ala

Gly

Ala

Asp

Pro

190

Glu

Val

Pro

Glu

Gly

Thr
255

Gly

Leu

Ser

Ala

Leu

Val

95

Pro

Lys

Thr

Ala

Ser

175

Ile

Ala

Leu

Arg

Tyr

Asp

240

Arg

Gly

Ser

Tyr

Gly

Ser

80

Cys

Ala

Val

Phe

Glu

160

Ile

Asp

Phe

Thr

Met Lys Lys Trp Phe Val Cys Leu Leu Gly Leu Ile Ala Leu Thr Val

1

5

10

15
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US 9,228,211 B2

-continued

156

Gln Ala

<210> SEQ ID NO 22
<211> LENGTH: 29

<212> TYPE:

<213> ORGANISM: Bacillus subtilis

PRT

<400> SEQUENCE: 22

Met Arg Ser Lys Lys Leu Trp Ile Ser Leu Leu Phe Ala Leu Thr Leu

1

5

10

Ile Phe Thr Met Ala Phe Ser Asn Met Ser Ala Gln Ala

20

<210> SEQ ID NO 23
<211> LENGTH: 29

<212> TYPE:

PRT

25

<213> ORGANISM: Bacillus licheniformis

<400> SEQUENCE: 23

1

10

Leu Val Phe Thr Met Glu Phe Ser Asp Ser Ala Ser Ala

20

<210> SEQ ID NO 24
<211> LENGTH: 1047

<212> TYPE:

DNA

25

<213> ORGANISM: Aeromonas hydrophila

<400> SEQUENCE: 24

atgtttaagt

ttgttttegy

gtgatgttcg

ctcececteca

cagctgacca

geegtggett

tacgaggtca

tgggtcggtyg

gttcgegatyg

ctgetgttea

gaggcggtca

ctggecceca

cgtgatcege

gtgtggaage

ccgcaggaac

atggccegec

cacccgacca

cagtacgagt

ttaaaaagaa

caaccgecte

gegacagect

gecegeccta

aacagttccc

acaacaagat

cccagttett

ccaatgacta

ccatcagega

acctgecgga

gccatgtete

ceggecatggt

agaacttcgg

cgtttgecac

gectegecat

gcagcgccag

ctgtegtgea

tcctegecca

<210> SEQ ID NO 25
<211> LENGTH: 347

<212> TYPE:

PRT

tttcttagtt

tgcagctage

ctcecgatace

ctatgaggge

gggtctgace

ctcctggaat

gcagaaagac

tctggectat

tgcggccaac

tctgggecag

cgcctatcac

aaagctgtte

cctgagegac

cecgecagegte

cgceggeaac

ccecectecaac

cgcageectyg

ctgatga

ggattatcgg

gecgacagece

ggcaaaatgt

cgttteteca

atcgccaacyg

cccaagtatce

agcttcaage

ggctggaaca

cgcatggtac

aacccgtcag

aaccagctge

gagatcgaca

gtcgagaace

agcaccgacc

cegetgetygy

tgtgagggca

agcgagcegeyg

cagctttaat

gtcecgectt

acagcaagat

acggaccegt

aagcggaagyg

aggtcatcaa

cggacgatct

cggagcagga

tgaacggtge

ctcgcagtca

tgctgaacct

agcaatttge

cctgetacga

gecagetete

cacaggcegt

agatgttctyg

cecgecaccett

15

Met Met Arg Lys Lys Ser Phe Trp Phe Gly Met Leu Thr Ala Phe Met
5

15

gagtattagce

ttceceggate

gegeggttac

ctggctggag

cggtgecact

caacctggac

ggtgatccte

tgccaagegyg

caagcagata

gaaggtggtc

ggcacgccag

cgagatgetyg

cggeggetat

cgecttecagt

tgccagtect

ggatcaggta

catcgcgaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1047



US 9,228,211
157

-continued

B2

158

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Fusion construct

<400> SEQUENCE: 25

Met Phe Lys Phe Lys Lys Asn Phe Leu Val Gly Leu Ser Ala Ala
1 5 10 15

Met Ser Ile Ser Leu Phe Ser Ala Thr Ala Ser Ala Ala Ser Ala
20 25 30

Ser Arg Pro Ala Phe Ser Arg Ile Val Met Phe Gly Asp Ser Leu
35 40 45

Asp Thr Gly Lys Met Tyr Ser Lys Met Arg Gly Tyr Leu Pro Ser
50 55 60

Pro Pro Tyr Tyr Glu Gly Arg Phe Ser Asn Gly Pro Val Trp Leu
65 70 75

Gln Leu Thr Lys Gln Phe Pro Gly Leu Thr Ile Ala Asn Glu Ala
85 90 95

Gly Gly Ala Thr Ala Val Ala Tyr Asn Lys Ile Ser Trp Asn Pro
100 105 110

Tyr Gln Val Ile Asn Asn Leu Asp Tyr Glu Val Thr Gln Phe Leu
115 120 125

Lys Asp Ser Phe Lys Pro Asp Asp Leu Val Ile Leu Trp Val Gly
130 135 140

Asn Asp Tyr Leu Ala Tyr Gly Trp Asn Thr Glu Gln Asp Ala Lys
145 150 155

Val Arg Asp Ala Ile Ser Asp Ala Ala Asn Arg Met Val Leu Asn
165 170 175

Ala Lys Gln Ile Leu Leu Phe Asn Leu Pro Asp Leu Gly Gln Asn
180 185 190

Ser Ala Arg Ser Gln Lys Val Val Glu Ala Val Ser His Val Ser
195 200 205

Tyr His Asn Gln Leu Leu Leu Asn Leu Ala Arg Gln Leu Ala Pro
210 215 220

Gly Met Val Lys Leu Phe Glu Ile Asp Lys Gln Phe Ala Glu Met
225 230 235

Arg Asp Pro Gln Asn Phe Gly Leu Ser Asp Val Glu Asn Pro Cys
245 250 255

Asp Gly Gly Tyr Val Trp Lys Pro Phe Ala Thr Arg Ser Val Ser
260 265 270

Asp Arg Gln Leu Ser Ala Phe Ser Pro Gln Glu Arg Leu Ala Ile
275 280 285

Gly Asn Pro Leu Leu Ala Gln Ala Val Ala Ser Pro Met Ala Arg
290 295 300

Ser Ala Ser Pro Leu Asn Cys Glu Gly Lys Met Phe Trp Asp Gln
305 310 315

His Pro Thr Thr Val Val His Ala Ala Leu Ser Glu Arg Ala Ala
325 330 335

Phe Ile Ala Asn Gln Tyr Glu Phe Leu Ala His
340 345

<210> SEQ ID NO 26

<211> LENGTH: 267

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 26

Leu

Asp

Ser

Ser

Glu

80

Glu

Lys

Gln

Ala

Arg

160

Gly

Pro

Ala

Thr

Leu

240

Tyr

Thr

Ala

Arg

Val

320

Thr
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US 9,228,211 B2

-continued

160

Met

Leu

Ala

Ser

Pro

65

Ala

Ala

Asp

Ser

Thr

145

Ala

Ala

Ala

Ala

Asn

225

Pro

Tyr

Arg

Leu

Tyr

Tyr

50

Ala

Cys

Leu

Ala

Thr

130

Leu

Pro

Ser

Ile

Thr

210

His

Val

Leu

Leu

Leu

Val

35

Ile

Arg

Ser

Asn

Gly

115

Cys

Leu

Asn

Asn

Asn

195

Ala

Glu

Trp

Pro

Thr

Ala

20

Ala

Asp

Trp

Gly

Ala

100

Phe

Leu

Ala

Ala

Pro

180

Thr

His

Leu

Glu

Val
260

Arg

Leu

Leu

Ser

Ala

Ala

85

Ser

Ala

Asn

Arg

Arg

165

Trp

Thr

Gly

Phe

Ser

245

Leu

<210> SEQ ID NO 27

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Thermobifida sp.

PRT

<400> SEQUENCE:

Met
1

Ala

Ser
65

Pro

Gly

Leu

Leu

Glu

Pro

50

Thr

Asp

Gln

Pro

Leu

Thr

35

Pro

Arg

Gly

Gly

His

Val

20

Arg

Leu

Asp

Gly

Ser

548

27

Pro

Gly

Pro

Thr

Ala

Phe

85

Pro

Ser

Leu

Gly

Ser

Ala

70

Val

Thr

Asp

Arg

Leu

150

Val

Tyr

Ala

Phe

Phe

230

Tyr

Asn

Ala

Thr

Leu

Leu

Glu

70

Arg

Gly

Leu

Gly

Asp

Gly

55

Ala

Thr

Gly

Ala

Leu

135

Asp

Val

Cys

Asp

Arg

215

Gly

His

Ala

Gly

Pro

Arg

Pro

55

Thr

Pro

Val

Ser

Ile

Ser

40

Asp

Asn

Thr

Leu

Met

120

Ala

Ala

Val

Leu

Thr

200

Phe

Asn

Pro

Asn

Glu

Gln

Gly

40

Gly

Val

His

Leu

Ala

Ser

25

Tyr

Cys

Ala

Asp

Val

105

Thr

Thr

Val

Leu

Gly

185

Leu

Gly

Asp

Thr

Ser
265

Arg

Asp

25

Arg

Asp

Trp

Leu

Trp

Ala

Pro

Ser

His

Pro

Val

90

Ser

Thr

Ala

Tyr

Gly

170

Leu

Asn

Asp

Trp

Ser

250

Ser

Gly

10

Arg

Cys

Gly

Arg

Gly

90

Cys

Ser

Ala

Ser

Arg

Ser

75

Ile

Ile

Cys

Thr

Ser

155

Tyr

Ser

Ser

Val

Leu

235

Thr

Thr

Glu

Arg

Gly

Val

Lys

75

Val

Gly

Val

Gln

Gly

Ser

60

Ser

Asn

Thr

Val

Asn

140

Gln

Pro

Asn

Val

Arg

220

His

Gly

Val

Leu

Cys

Leu

60

His

Gly

Arg

Ile

Ala

Asn

45

Asn

Phe

Asn

Ile

Thr

125

Tyr

Ile

Arg

Thr

Ile

205

Pro

Ser

His

Gly

Arg

Gly

45

Cys

Leu

Cys

Glu

Val

Ala

30

Gly

Asn

Thr

Gln

Gly

110

Ser

Ile

Lys

Met

Lys

190

Ser

Thr

Leu

Gln

Ala

Leu

30

Glu

Thr

Gln

Leu

Gly

Phe

15

Gly

Ala

Ala

Phe

Leu

95

Gly

Ser

Asn

Ala

Tyr

175

Arg

Ser

Phe

Thr

Ser
255

Phe

15

Glu

Arg

Thr

Pro

Leu

95

Cys

Ala

Pro

Gly

Tyr

Ala

Gly

Asn

Asp

Thr

Arg

160

Leu

Ala

Arg

Asn

Leu

240

Gly

Phe

Cys

Arg

Ser

Arg

80

Ala

Arg
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US 9,228,211 B2

-continued

162

Phe

Gly

Cys

145

Tyr

Ile

Pro

Asp

225

Asp

Asn

Asp

Asn

Leu

305

Ala

Ser

Cys

Thr

385

Ala

Thr

Glu

Gly

Glu

Asp

130

Gly

Ser

Gly

Pro

Thr

210

Trp

Gly

Tyr

Tyr

Ala

290

Ser

Ile

Leu

Leu

Thr

370

Thr

Arg

Gly

Thr

Asp

450

Asp

Trp

Asp

Glu

Val

115

Ser

Glu

Leu

Ser

Ala

195

Gly

Cys

Glu

Tyr

Tyr

275

Tyr

Phe

Asp

Val

Lys

355

Asp

Phe

Ile

Ala

Ile

435

Glu

Val

Val

Arg

Arg
515

100

Cys

Ser

Ile

Leu

Gly

180

Leu

Arg

Leu

Phe

Ala

260

Pro

Pro

Leu

Glu

Thr

340

Thr

Gln

Glu

Leu

Tyr

420

Gln

Glu

Tyr

Asn

Ser
500

Val

Arg

Pro

Ser

Arg

165

Pro

Val

Glu

Gly

Leu

245

Leu

Gly

Glu

Ala

Val

325

Ile

Cys

Glu

Glu

Val

405

Tyr

Glu

Ile

His

Gly

485

Thr

Ile

Arg

Pro

Gln

150

Thr

Arg

Leu

Thr

Val

230

Leu

Gly

Thr

Leu

Cys

310

Gly

Gly

Met

Asp

Leu

390

Val

Thr

Phe

Ala

Ala
470
Val

Phe

Glu

Asp

Phe

135

Ser

Asp

Ala

Val

Leu

215

Pro

Leu

Asp

Ala

Val

295

Ser

Ser

Ile

Val

Ala

375

Ile

Gly

Leu

Asn

Ala

455

Leu

Gln

His

Gln

Thr

120

Arg

Ala

Arg

Ala

Thr

200

Trp

Val

Ser

Ser

Val

280

Ala

Gly

Gln

Gly

Arg

360

Ile

Ser

Tyr

Thr

Gln

440

Ser

Asp

Leu

Pro

Ile
520

105

Pro

Ala

Arg

Pro

Thr

185

Ala

Arg

Asp

Pro

Tyr

265

Lys

Glu

Gln

Leu

Gly

345

Val

Arg

Glu

Pro

Ala

425

Gln

Gly

Gly

Arg

Asn
505

Glu

Gly

Gly

Lys

Asp

170

Arg

Leu

Met

Ser

Val

250

Ser

Gly

Ala

Arg

Asp

330

Asn

Pro

Lys

Val

Arg

410

Ser

Leu

Gly

His

Asp

490

Ala

Thr

Leu

Trp

Thr

155

Gly

Arg

Thr

Trp

Arg

235

Gln

Ser

Gly

Tyr

Gly

315

Trp

Asp

Leu

Arg

Arg

395

Ile

Asn

Ala

Val

Glu
475
Leu

Ala

Gly

Ser

Ser

140

Pro

Pro

Arg

Leu

Cys

220

Gly

Ala

Gly

Cys

Asp

300

Tyr

Asn

Leu

Leu

Met

380

Thr

Phe

Gln

Glu

Gly

460

Ile

Ala

Gly

Pro

Arg

125

Leu

Ala

Arg

Leu

Val

205

Glu

Gln

Ala

Asp

Trp

285

Phe

Ala

Ser

Gly

Asp

365

Ala

Arg

Pro

Arg

Ala

445

Ser

Gly

Thr

His

Gly
525

110

Thr

Pro

Val

Gly

Phe

190

Leu

Ala

Pro

Thr

Gly

270

Arg

Ala

Met

Pro

Phe

350

Ser

Lys

Ala

Glu

Trp

430

Val

Val

Ser

Gly

Arg

510

Arg

Arg

Pro

Pro

Arg

175

Leu

Ala

Thr

Ala

Trp

255

Ala

Ser

Gly

Leu

His

335

Ser

Lys

Phe

Pro

Glu

415

Leu

Ala

Glu

Asp

Val
495

Ala

Pro

Asn

Lys

Arg

160

Phe

Gly

Val

Gln

Glu

240

Gly

Arg

Ala

His

Asp

320

Thr

Thr

Ala

Glu

Asp

400

Pro

Asn

Val

Phe

Glu
480
Thr

Val

Leu
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US 9,228,211 B2

-continued

164

Tyr Ala Thr Phe Ala Val Val Ala Gly Ala Thr Val Asp Thr Leu Ala

530

Gly Glu Val Gly

545

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Thermobifida sp.

PRT

<400> SEQUENCE:

Met

1

Ile

Pro

Asp

Asp

65

Asn

Asp

Asn

Leu

Ala

145

Ser

Cys

Thr

Ala

225

Thr

Glu

Pro
305

Gly

Gly

Pro

Thr

Trp

Gly

Tyr

Tyr

Ala

Ser

130

Ile

Leu

Leu

Thr

Thr

210

Arg

Gly

Thr

Asp

Asp

290

Trp

Asp

Glu

Ser

Ala

Gly

35

Cys

Glu

Tyr

Tyr

Tyr

115

Phe

Asp

Val

Lys

Asp

195

Phe

Ile

Ala

Ile

Glu

275

Val

Val

Arg

Arg

Gly

Leu

20

Arg

Leu

Phe

Ala

Pro

100

Pro

Leu

Glu

Thr

Thr

180

Gln

Glu

Leu

Tyr

Gln

260

Glu

Tyr

Asn

Ser

Val

372

28

Pro

Val

Glu

Gly

Leu

Leu

85

Gly

Glu

Ala

Val

Ile

165

Cys

Glu

Glu

Val

Tyr

245

Glu

Ile

His

Gly

Thr
325

Ile

Arg

Leu

Thr

Val

Leu

70

Gly

Thr

Leu

Cys

Gly

150

Gly

Met

Asp

Leu

Val

230

Thr

Phe

Ala

Ala

Val
310

Phe

Glu

535

Ala

Val

Leu

Pro

55

Leu

Asp

Ala

Val

Ser

135

Ser

Ile

Val

Ala

Ile

215

Gly

Leu

Asn

Ala

Leu
295
Gln

His

Gln

Ala

Thr

Trp

40

Val

Ser

Ser

Val

Ala

120

Gly

Gln

Gly

Arg

Ile

200

Ser

Tyr

Thr

Gln

Ser

280

Asp

Leu

Pro

Ile

Thr

Ala

25

Arg

Asp

Pro

Tyr

Lys

105

Glu

Gln

Leu

Gly

Val

185

Arg

Glu

Pro

Ala

Gln

265

Gly

Gly

Arg

Asn

Glu

Arg Arg
10

Leu Thr

Met Trp

Ser Arg

Val Gln
75

Ser Ser
90

Gly Gly

Ala Tyr

Arg Gly

Asp Trp
155

Asn Asp
170

Pro Leu

Lys Arg

Val Arg

Arg Ile
235

Ser Asn
250

Leu Ala

Gly Vval

His Glu

Asp Leu
315

Ala Ala
330

Thr Gly

540

Arg

Leu

Cys

Gly

Ala

Gly

Cys

Asp

Tyr

140

Asn

Leu

Leu

Met

Thr

220

Phe

Gln

Glu

Gly

Ile
300
Ala

Gly

Pro

Leu

Val

Glu

45

Gln

Ala

Asp

Trp

Phe

125

Ala

Ser

Gly

Asp

Ala

205

Arg

Pro

Arg

Ala

Ser

285

Gly

Thr

His

Gly

Phe

Leu

30

Ala

Pro

Thr

Gly

Arg

110

Ala

Met

Pro

Phe

Ser

190

Lys

Ala

Glu

Trp

Val

270

Val

Ser

Gly

Arg

Arg

Leu

15

Ala

Thr

Ala

Trp

Ala

95

Ser

Gly

Leu

His

Ser

175

Lys

Phe

Pro

Glu

Leu

255

Ala

Glu

Asp

Val

Ala
335

Pro

Gly

Val

Gln

Glu

Gly

80

Arg

Ala

His

Asp

Thr

160

Thr

Ala

Glu

Asp

Pro

240

Asn

Val

Phe

Glu

Thr
320

Val

Leu
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US 9,228,211 B2

-continued

166

340

345

350

Tyr Ala Thr Phe Ala Val Val Ala Gly Ala Thr Val Asp Thr Leu Ala

355

Gly Glu Val Gly

370

<210> SEQ ID NO 29

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Corynebacterium

PRT

<400> SEQUENCE:

Met Arg Thr Thr

1

Cys

Ser

Thr

Arg

65

Asn

Gly

Thr

Thr

Cys

145

Leu

Leu

Glu
Thr
225

Ala

Pro

Tyr

Ala

Ser

Asp

50

Asp

Tyr

Ala

Leu

Leu

130

Ile

Leu

Asp

Val

Leu

210

Gly

Leu

Pro

Pro

Arg
290

Asp

Gly

35

Val

Gln

Pro

Val

Pro

115

Ser

Arg

Gly

Arg

Val

195

Gly

Gln

Phe

Gln

Leu
275

Asp

Gly

20

Gly

Tyr

Pro

Glu

Thr

100

Ala

Ile

Glu

Glu

Val

180

Thr

Asp

Ile

Val

Gln
260

His

Ala

300

29

Val

5

Ala

Ile

Ile

Leu

Leu

85

Gly

Gln

Gly

Arg

Thr

165

His

Gly

Val

Asn

Leu

245

Arg

Pro

Leu

<210> SEQ ID NO 30

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Novosphingobium

PRT

284

Ile

Arg

Arg

Ala

Arg

70

Leu

Asp

Val

Gly

Ile

150

Ile

Glu

Tyr

Ser

Glu

230

Pro

Trp

Thr

Gly

Ala

Glu

Glu

Leu

55

Gly

His

Leu

Asp

Asn

135

Ala

Gly

Ala

Leu

Glu

215

Thr

Asp

Ala

Ser

Leu
295

360

Ala

Glu

Glu

40

Gly

Glu

Ala

Leu

Ala

120

Asp

Gly

Glu

Ile

Pro

200

Ala

Val

Asp

Asp

Ala
280

Glu

efficiens

Ser

Thr

25

Gly

Asp

Pro

Glu

Glu

105

Leu

Leu

Glu

Gln

Arg

185

Leu

Asp

Arg

Ala

Ile
265

Gly

Pro

Ala

10

Ala

Ala

Ser

Phe

Val

90

Pro

Thr

Gly

Asn

Leu

170

Asp

Val

Arg

Glu

Asp

250

Gln

His

Val

Leu

Gly

Glu

Tyr

Cys

75

Thr

Arg

Glu

Phe

Ala

155

Asp

Arg

Ser

Arg

Ala

235

Glu

Gly

Glu

Gln

Leu

Ala

Ala

Ala

60

Leu

Asp

Thr

Asp

Gly

140

Asp

Gln

Ala

Ala

Trp

220

Ala

His

Gln

Ala

Pro
300

aromaticivorans

365

Leu

Pro

Ser

45

Ala

Arg

Leu

Leu

Thr

125

Glu

Asp

Leu

Gly

Gly

205

Ala

Glu

Thr

Gln

Met
285

Leu

Pro

30

Thr

Met

Ser

Thr

Gly

110

Thr

Val

Cys

Pro

Asp

190

Asp

Val

Arg

Ser

Thr
270

Ala

Ala

15

Gly

Ser

Gly

Ser

Cys

95

Glu

Leu

Ala

Val

Pro

175

Ala

Cys

Glu

His

Cys

255

Asp

Ala

Gly

Glu

Ile

Gly

Gly

80

Gln

Arg

Val

Gly

Asp

160

Gln

Gln

Pro

Leu

Asp

240

Ala

Ala

Ala
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-continued

168

<400> SEQUENCE:

Met Gly Gln Val

1

Ala

Leu

Gly

Arg

65

Asp

Gly

Thr

Gly

Arg

145

Glu

Leu

Gly

Arg

Glu

225

Asp

Ala

Leu

Ala

Pro

50

Gly

Leu

Pro

Arg

Asn

130

Cys

Glu

Ala

Thr

Ser

210

Glu

Pro

Asp

Ala

Ala

Glu

35

Gly

Thr

Val

Trp

Leu

115

Ile

Gly

Arg

Arg

Cys

195

Ala

Gly

Cys

Gly

Ala
275

Gly

20

Gly

Val

Leu

Asp

Asn

100

Val

Phe

Lys

Met

Val

180

Ala

Ala

Ala

Ser

Ile

260

Leu

Lys

Leu

Ala

Gly

Asn

Ala

85

Glu

Thr

Ala

Trp

Arg

165

Val

Ala

Lys

Ser

Ala

245

Pro

Val

<210> SEQ ID NO 31

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces coelicolor

PRT

<400> SEQUENCE:

Met Arg Arg Phe

1

Ala

Ala

Thr
65

Gly

Ala

Gly

50

Lys

Ala

Ala

35

Ala

Ala

Ala
20
Asp

Gly

His

268

31

Arg

Leu

Gly

Ser

Pro

Leu

Ala

Arg

Pro

Tyr

70

Thr

Val

Leu

Ala

Arg

150

Ser

Val

Met

Arg

Leu

230

Lys

Val

Lys

Leu

Thr

Tyr

Tyr

Tyr
70

Phe

Pro

Tyr

Asn

55

Pro

Cys

Pro

Thr

Ala

135

Glu

Ile

Val

Ala

Leu

215

Leu

Pro

His

Leu

Val

Gly

Val

Ile

55

Leu

Ala

Ala

Val

40

Ala

His

Ser

Pro

Ile

120

Cys

Ile

Val

Asp

Ile

200

Ala

Lys

Trp

Pro

Val
280

Gly

Ala

Ala

40

Ser

Trp

Arg

Ala

25

Ala

Pro

Leu

Gly

Gln

105

Gly

Glu

Thr

Arg

Tyr

185

Ser

Arg

Phe

Ser

Asn

265

Lys

Phe

Ala

25

Leu

Ser

Ala

Arg

10

Thr

Leu

Gly

Leu

Ala

90

Ile

Gly

Lys

Glu

Gln

170

Ile

Pro

Ile

Ser

Asn

250

Arg

Leu

Leu

10

Thr

Gly

Ser

Ala

Cys

Val

Gly

Ser

Ala

75

Thr

Asp

Asn

Met

Glu

155

Ile

Thr

Asp

Thr

His

235

Gly

Leu

Met

Ser

Ala

Asp

Gly

Ala
75

Ala

Ala

Ser

Pro

60

Glu

Thr

Ser

Asp

Ala

140

Glu

His

Val

Arg

Ala

220

Ile

Leu

Gly

Lys

Ser

Gln

Ser

Asp

60

His

Pro

Arg

Ser

45

Glu

Ala

His

Val

Val

125

Ser

Trp

Ala

Leu

Leu

205

Arg

Ser

Ser

His

Leu

Ala

Tyr

Cys

Ser

Val

Glu

30

Phe

Arg

Leu

His

Asn

110

Ser

Pro

Gln

Arg

Pro

190

Ala

Val

Arg

Ala

Ala
270

Val

Ala

30

Ser

Lys

Pro

Leu

15

Ala

Ala

Cys

Lys

Val

95

Gly

Phe

Asp

Ala

Ala

175

Pro

Gln

Ala

Arg

Pro

255

Glu

Leu

15

Gln

Ser

Arg

Ser

Leu

Pro

Ala

Gly

Leu

80

Leu

Asp

Val

Pro

Asp

160

Pro

Ser

Ser

Arg

His

240

Ala

Ala

Ala

Pro

Gly

Ser

Thr
80
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-continued

170

Phe

Gly

Ile

Leu

Tyr

145

Ile

Arg

Arg

Gln

Phe

225

Asn

Ser

<210>
<211>
<212>
<213>

<400>

Asp

Gln

Gly

Gln

130

Val

Ser

Phe

Thr

Arg

210

Thr

Trp

Gly

Phe

Leu

Gly

115

Ser

Asp

Asp

Tyr

Ala

195

Ala

Gly

Leu

Gly

Met Arg Arg

1

Val

Ala

Ser

65

Phe

Asn

Ile

Leu

Tyr
145

Ile

Arg

Gly

Ala

Gly

50

Lys

Ser

Gln

Gly

Gln

130

Val

Ser

Phe

Cys

Ala

35

Ala

Ala

Phe

Leu

Gly

115

Ser

Asp

Thr

Tyr

Thr

Gly

100

Asn

Glu

Ser

Lys

Lys

180

Ile

Ala

His

Asn

Tyr

260

PRT

SEQUENCE :

Ser

Ala

Thr

Gly

Tyr

Met

Gly

100

Asn

Asp

Ser

Lys

Lys
180

Ala

85

Pro

Asp

Ser

Thr

Ala

165

Leu

Asn

Ala

Glu

Ile

245

Leu

SEQ ID NO 32
LENGTH:
TYPE :
ORGANISM: Streptomyces avermitilis

269

32

Arg

Leu

Gly

Ser

Pro

Ala

85

Thr

Asp

Ser

Thr

Ala
165

Leu

Cys

Leu

Ala

Ser

Leu

150

Pro

Gly

Lys

His

Leu

230

Gly

Pro

Ile

Thr

Tyr

Tyr

Tyr

70

Cys

Leu

Ala

Ala

Leu
150

Pro

Gly

Ser

Ser

Gly

Cys

135

Pro

Asn

Thr

Ala

Gly

215

Cys

Glu

Val

Thr

Gly

Val

Leu

55

Leu

Ser

Asn

Gly

Cys

135

Pro

Ser

Gly

Gly

Ser

Phe

120

Leu

Gly

Ala

Thr

Ser

200

Phe

Ser

Ser

Leu

Ala

Ala

Ala

40

Ser

Trp

Gly

Ser

Phe

120

Leu

Gly

Ala

Ser

Ala

Gly

105

Ala

Ser

Lys

His

Cys

185

Asp

Thr

Gly

Tyr

Asn
265

Tyr

Ala

Leu

Ser

Gln

Ala

Ser

105

Ser

Ser

Gln

His

Cys
185

Arg

Thr

Asp

Arg

Leu

Val

170

Ile

His

Phe

Ser

His

250

Gly

Val

10

Thr

Gly

Ser

Ala

Arg

Thr

Asp

Arg

Leu

Val

170

Leu

Thr

Gly

Thr

Ile

Asp

155

Val

Gly

Leu

Gly

Pro

235

Pro

Ala

Thr

Ala

Asp

Gly

Ala

75

Thr

Gly

Val

Ile

Asp
155

Ala

Ala

Gly Asp Val Leu

Leu

Met

Ala

140

Gly

Val

Leu

Asn

Asp

220

Trp

Thr

Ala

Ser

Gln

Ser

Asp

60

His

Gly

Leu

Met

Asn

140

Ser

Val

Gly

Val

Thr

125

Thr

Val

Ile

Ser

Thr

205

Val

Leu

Ala

Leu

Ala

Tyr

45

Cys

Ser

Asp

Val

Thr

125

Thr

Val

Leu

Leu

Ser

110

Thr

Ala

Tyr

Gly

Glu

190

Val

Arg

His

Ala

Leu

Ser

30

Ser

Lys

Pro

Val

Ser

110

Thr

Ala

Tyr

Gly

Ser
190

95

Ile

Cys

Glu

Ser

Tyr

175

Thr

Leu

Thr

Ser

Gly
255

Leu

15

Pro

Ser

Arg

Ser

Leu

95

Leu

Cys

Lys

Thr

Tyr
175

Glu

Ser

Ser

Val

Ala

Ala

160

Pro

Lys

Ala

Thr

Val

240

Gln

Ala

Ala

Gly

Ser

Ser

80

Ala

Thr

Val

Ala

Ala

160

Pro

Thr
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-continued

172

Lys

Ala

Thr

225

Leu

Gln

<210>
<211>
<212>
<213>

<400>

Arg

Lys

210

Phe

Asp

Ser

Ser

195

Arg

Thr

Leu

Gly

Ala

Ala

Gly

Leu

Gly

260

PRT

SEQUENCE :

Met Arg Leu Thr

1

Leu

Ala

Ser

Pro

65

Ala

Ala

Asp

Ser

Thr

145

Ala

Ala

Ala

Ala

Asn
225

Pro

Tyr

Leu

Tyr

Tyr

50

Ala

Cys

Leu

Ala

Thr

130

Leu

Pro

Ser

Ile

Thr

210

His

Val

Leu

Leu

Val

35

Ile

Arg

Ser

Asn

Gly

115

Cys

Leu

Asn

Asn

Asn

195

Ala

Glu

Trp

Pro

Ala

20

Ala

Asp

Trp

Gly

Ala

100

Phe

Leu

Ala

Ala

Pro

180

Thr

His

Leu

Glu

Val
260

Ile

Ala

His

Asn

245

Tyr

SEQ ID NO 33
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

267

33

Arg

Leu

Leu

Ser

Ala

Ala

85

Ser

Ala

Asn

Arg

Arg

165

Trp

Thr

Gly

Phe

Ser
245

Leu

<210> SEQ ID NO 34

<211> LENGTH:

<212> TYPE:

PRT

317

Asn

Asp

Glu

230

Ile

Leu

Ser

Leu

Gly

Ser

Ala

70

Val

Thr

Asp

Arg

Leu

150

Val

Tyr

Ala

Phe

Phe
230

Tyr

Asn

Asp

His

215

Ile

Gly

Pro

Leu

Gly

Asp

Gly

55

Ala

Thr

Gly

Ala

Leu

135

Asp

Val

Cys

Asp

Arg

215

Gly

His

Ala

Ala

200

Gly

Cys

Gln

Val

Ser

Ile

Ser

40

Asp

Asn

Thr

Leu

Met

120

Ala

Ala

Val

Leu

Thr

200

Phe

Asn

Pro

Asn

Ala

Phe

Ser

Ser

Met
265

Ala

Ser

25

Tyr

Cys

Ala

Asp

Val

105

Thr

Thr

Val

Leu

Gly

185

Leu

Gly

Asp

Thr

Ser
265

Asp

Thr

Ser

Tyr

250

Asn

Ala

Pro

Ser

His

Pro

Val

90

Ser

Thr

Ala

Tyr

Gly

170

Leu

Asn

Asp

Trp

Ser
250

Ser

Tyr

Phe

Ser

235

His

Ser

Ser

Ala

Ser

Arg

Ser

75

Ile

Ile

Cys

Thr

Ser

155

Tyr

Ser

Ser

Val

Leu
235

Thr

Thr

Leu

Gly

220

Thr

Pro

Val

Val

Gln

Gly

Ser

60

Ser

Asn

Thr

Val

Asn

140

Gln

Pro

Asn

Val

Arg

220

His

Gly

Asn

205

Asp

Trp

Thr

Ala

Ile

Ala

Asn

45

Asn

Phe

Asn

Ile

Thr

125

Tyr

Ile

Arg

Thr

Ile

205

Pro

Ser

His

Ser

Val

Leu

Ala

Val

Ala

30

Gly

Asn

Thr

Gln

Gly

110

Ser

Ile

Lys

Met

Lys

190

Ser

Thr

Leu

Gln

Ala

Lys

His

Ala
255

Phe

15

Gly

Ala

Ala

Phe

Leu

95

Gly

Ser

Asn

Ala

Tyr

175

Arg

Ser

Phe

Thr

Ser
255

Ile

Ser

Ser

240

Gly

Ala

Pro

Gly

Tyr

Ala

Gly

Asn

Asp

Thr

Arg

160

Leu

Ala

Arg

Asn

Leu
240

Gly
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-continued

174

<213> ORGANISM:

<400> SEQUENCE:

Ala

1

Leu

Ser

Leu

Ala

65

Pro

Leu

Gly

Lys

Asn

145

Asn

Ser

Pro

Met

Cys

225

Ser

Ile

Ala

Gln

Ala
305

<210>
<211>
<212>
<213>

<400>

Asp Ser Arg

Ser

Ser

Glu

50

Glu

Lys

Gln

Ala

Arg

130

Gly

Pro

Ala

Thr

Leu

210

Tyr

Thr

Ala

Arg

Val

290

Thr

Asp

Pro

35

Gln

Gly

Tyr

Lys

Asn

115

Val

Ala

Ser

Tyr

Gly

195

Arg

Gly

Asp

Gly

Ser

275

His

Phe

Thr

20

Pro

Leu

Gly

Gln

Asp

100

Asp

Arg

Lys

Ala

His

180

Met

Asp

Gly

Ser

Asn

260

Ala

Pro

Ile

PRT

SEQUENCE :

Aeromonas hydrophila

34

Pro

Gly

Tyr

Thr

Pro

Val

85

Ser

Tyr

Asp

Glu

Arg

165

Asn

Val

Pro

Ser

Gln

245

Pro

Ser

Thr

Glu

SEQ ID NO 35
LENGTH:
TYPE:
ORGANISM: Aeromonas salmonicida

318

35

Ala

Lys

Tyr

Asn

Thr

70

Ile

Phe

Leu

Ala

Ile

150

Ser

Gln

Lys

Gln

Tyr

230

Leu

Leu

Thr

Thr

Ser
310

Phe

Met

Glu

Glu

55

Ala

Asn

Lys

Ala

Ile

135

Leu

Gln

Leu

Leu

Asn

215

Val

Ser

Leu

Leu

Val

295

Gln

Ser

Tyr

Gly

40

Phe

Val

Asn

Pro

Tyr

120

Ser

Leu

Lys

Leu

Phe

200

Phe

Trp

Ala

Ala

Asn

280

Val

Tyr

Arg

Ser

25

Arg

Pro

Ala

Leu

Asp

105

Gly

Asp

Phe

Val

Leu

185

Glu

Gly

Lys

Phe

Gln

265

Cys

His

Glu

Ile

10

Lys

Phe

Gly

Tyr

Asp

90

Asp

Trp

Ala

Asn

Val

170

Asn

Ile

Leu

Pro

Asn

250

Ala

Glu

Ala

Phe

Val

Met

Ser

Leu

Asn

75

Tyr

Leu

Asn

Ala

Leu

155

Glu

Leu

Asp

Ser

Phe

235

Pro

Val

Gly

Ala

Leu
315

Ala Asp Thr Arg Pro Ala Phe Ser Arg Ile Val

1

5

10

Met Phe

Arg Gly

Asn Gly

45

Thr Ile
60

Lys Ile

Glu Val

Val Ile

Thr Glu
125

Asn Arg
140

Pro Asp

Ala Ala

Ala Arg

Lys Gln
205

Asp Gln
220

Ala Ser

Gln Glu

Ala Ser

Lys Met

285

Leu Ser
300

Ala His

Met Phe

Leu Ser Asp Thr Gly Lys Met Tyr Ser Lys Met Arg Gly

20

25

Ser Ser Pro Pro Tyr Tyr Glu Gly Arg Phe Ser Asn Gly

Gly Asp
15

Tyr Leu
30

Pro Val

Ala Asn

Ser Trp

Thr Gln
95

Leu Trp
110

Gln Asp

Met Val

Leu Gly

Ser His
175

Gln Leu
190

Phe Ala

Arg Asn

Arg Ser

Arg Leu
255

Pro Met
270

Phe Trp

Glu Pro

Gly Asp
15

Tyr Leu
30

Pro Val

Ser

Pro

Trp

Glu

Asn

80

Phe

Val

Ala

Leu

Gln

160

Val

Ala

Glu

Ala

Ala

240

Ala

Ala

Asp

Ala

Ser

Pro

Trp
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ued

176

35

Leu Glu Gln
50

Ala Glu Gly
65

Pro Lys Tyr

Leu Gln Lys

Gly Ala Asn

115

Lys Arg Val
130

Asn Gly Ala
145

Asn Pro Ser

Ser Ala Tyr

Pro Thr Gly

195

Met Leu Arg
210

Cys Tyr Asp
225

Ser Thr Asp

Ile Ala Gly

Arg Arg Ser

275

Gln Val His
290

Ala Thr Phe
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

40

Leu Thr Lys Gln Phe

55

Gly Ala Thr Ala Val

70

Gln Val Ile Asn Asn

85

Asp Ser Phe Lys Pro

100

Asp Tyr Leu Ala Tyr

120

Arg Asp Ala Ile Ser

135

Lys Gln Ile Leu Leu
150

Ala Arg Ser Gln Lys

165

His Asn Lys Leu Leu

180

Met Val Lys Leu Phe

200

Asp Pro Gln Asn Phe

215

Gly Gly Tyr Val Trp
230

Arg Gln Leu Ser Ala

245

Asn Pro Leu Leu Ala

260

Ala Ser Pro Leu Asn

280

Pro Thr Thr Val Val

295

Ile Glu Thr Gln Tyr
310

D NO 36
H: 1311
DNA

Pro

Ala

Leu

Asp

105

Gly

Asp

Phe

Val

Leu

185

Glu

Gly

Lys

Phe

Gln

265

Cys

His

Glu

Gly

Tyr

Asp

90

Asp

Trp

Ala

Asn

Val

170

Asn

Ile

Leu

Pro

Ser

250

Ala

Glu

Ala

Phe

Leu

Asn

75

Tyr

Leu

Asn

Ala

Leu

155

Glu

Leu

Asp

Ser

Phe

235

Pro

Val

Gly

Ala

Leu
315

<213> ORGANISM: Streptomyces thermosacchari

<400> SEQUENCE: 36

cgggacttca

gtgcggcage

catcegteat

ceggecegge

acatcgatte

cggccaacge

tgatcaacaa

geggcaatga

cctgecteaa

tcegegattt

agaccegete

cgtettegee

ctatgtggec

gagcggtgac

accgtectee

tcagctggge

cgegggette

ceggetggec

tggcatgaac

gttggaggct

ctgetgeteg

ctgggggatt

tgtcaccgca

ttcacctteg

gecctcaacy

gcggacgega

accgccacca

acttccttca

cagtgagatt

CgCthtggg

cctattecte

gcaacaacgce

cggectgete

cgteccacegy

tgaccacctyg

actacatcaa

45

Thr Ile Ala
60

Lys Ile Ser

Glu Val Thr

Val Ile Leu

110

Thr Glu Gln
125

Asn Arg Met
140

Pro Asp Leu

Ala Val Ser

Ala Arg Gln

190

Lys Gln Phe
205

Asp Val Glu
220

Ala Thr Arg

Gln Glu Arg

Ala Ser Pro
270

Lys Met Phe
285

Leu Ser Glu
300

Ala His Gly

acgcgegtag
gacccgatce
catcagceceg
gggcaacgge
gtacccegece
gggageggtyg
cctggtgage
cgtcaccage

caccaccctyg

Asn Glu

Trp Asn
80

Gln Phe
95

Trp Val

Asp Ala

Val Leu

Gly Gln
160

His Val
175

Leu Ala

Ala Glu

Asn Pro

Ser Val
240

Leu Ala
255

Met Ala

Trp Asp

Arg Ala

cttgctacaa
ctgteggecy
geccaggeag
gecggaagtt
cgctgggegy
accacggatyg
atcaccatcg
tcggacagea

ctegecegge

60

120

180

240

300

360

420

480

540
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178

-continued
tcgacgeggt ctacagcecag atcaaggecce gtgeccccaa cgeccgegtyg gtcegtecteg 600
gctaccegeyg catgtacctyg gectecgaace cctggtactg cctgggectg agcaacacca 660
agcgegegge catcaacacc accgccgaca cectcaacte ggtgatctece tccegggceca 720
cegeccacgg attcecgatte ggcgatgtee geccgacctt caacaaccac gaactgttet 780
tcggcaacga ctggetgcac tcactcacce tgecggtgtyg ggagtcegtac caccccacca 840
gcacgggceca tcagagcgge tatctgeccegg tectcaacge caacagcetceg acctgatcaa 900
cgcacggeceg tgcceegecce gegegtecacyg cteggegegyg gegecgcage gegttgatca 960
geecacagtyg ceggtgacgg tcccaccgte acggtegagg gtgtacgtca cggtggegec 1020
gctecagaayg tggaacgtca gcaggaccgt ggagccgtcec ctgacctegt cgaagaactce 1080
cggggtcage gtgatcacce ctccceegta gecgggggeyg aaggcggege cgaactectt 1140
gtaggacgtc cagtcgtgcg gcceggegtt geccaccgtec gegtagaccg cttecatggt 1200
cgccagecgg tecccecgcecgga actcggtggg gatgtcecegtg cccaaggtgg tececggtggt 1260
gtccgagage accgggggct cgtaccggat gatgtgcaga tccaaagaat t 1311

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 37
H: 267
PRT

<213> ORGANISM: Streptomyces thermosacchari

<400> SEQUENCE: 37

Met Arg Leu
1

Leu Leu Leu
Ala Tyr Val
35

Ser Tyr Ile
50

Pro Ala Arg
65

Ala Cys Ser

Ala Leu Asn

Asp Ala Gly

115

Ser Thr Cys
130

Thr Leu Leu
145

Ala Pro Asn

Ala Ser Asn

Ala Ile Asn

195

Ala Thr Ala
210

Asn His Glu
225

Thr Arg Ser Leu Ser

Ala Leu Leu Gly Ile

20

Ala Leu Gly Asp Ser

40

Asp Ser Ser Gly Asp

55

Trp Ala Ala Ala Asn

70

Gly Ala Val Thr Thr

85

Ala Ser Thr Gly Leu

100

Phe Ala Asp Ala Met

120

Leu Asn Arg Leu Ala

135

Ala Arg Leu Asp Ala
150

Ala Arg Val Val Val

165

Pro Trp Tyr Cys Leu

180

Thr Thr Ala Asp Thr

200

His Gly Phe Arg Phe

215

Leu Phe Phe Gly Asn
230

Ala

Ser

25

Tyr

Cys

Ala

Asp

Val

105

Thr

Thr

Val

Leu

Gly

185

Leu

Gly

Asp

Ala

Pro

Ser

His

Pro

Val

90

Ser

Thr

Ala

Tyr

Gly

170

Leu

Asn

Asp

Trp

Ser

Ala

Ser

Arg

Ser

75

Ile

Ile

Cys

Thr

Ser

155

Tyr

Ser

Ser

Val

Leu
235

Val Ile Val
Gln Ala Ala
30

Gly Asn Gly
45

Ser Asn Asn
60

Ser Phe Thr

Asn Asn Gln

Thr Ile Gly

110

Val Thr Ser
125

Asn Tyr Ile
140

Gln Ile Lys

Pro Arg Met
Asn Thr Lys
190

Val Ile Ser
205

Arg Pro Thr
220

His Ser Leu

Phe Ala

15

Gly Pro

Ala Gly

Ala Tyr

Phe Ala

Leu Gly

95

Gly Asn

Ser Asp

Asn Thr

Ala Arg

160

Tyr Leu

175

Arg Ala

Ser Arg

Phe Asn

Thr Leu
240
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-continued

Pro Val Trp Glu Ser Tyr His Pro Thr Ser Thr Gly His Gln Ser Gly
245 250 255

Tyr Leu Pro Val Leu Asn Ala Asn Ser Ser Thr
260 265

<210> SEQ ID NO 38

<211> LENGTH: 548

<212> TYPE: PRT

<213> ORGANISM: Thermobifida fusca

<400> SEQUENCE: 38

Met Leu Pro His Pro Ala Gly Glu Arg Gly Glu Val Gly Ala Phe Phe
1 5 10 15

Ala Leu Leu Val Gly Thr Pro Gln Asp Arg Arg Leu Arg Leu Glu Cys
20 25 30

His Glu Thr Arg Pro Leu Arg Gly Arg Cys Gly Cys Gly Glu Arg Arg
35 40 45

Val Pro Pro Leu Thr Leu Pro Gly Asp Gly Val Leu Cys Thr Thr Ser
50 55 60

Ser Thr Arg Asp Ala Glu Thr Val Trp Arg Lys His Leu Gln Pro Arg
65 70 75 80

Pro Asp Gly Gly Phe Arg Pro His Leu Gly Val Gly Cys Leu Leu Ala
85 90 95

Gly Gln Gly Ser Pro Gly Val Leu Trp Cys Gly Arg Glu Gly Cys Arg
100 105 110

Phe Glu Val Cys Arg Arg Asp Thr Pro Gly Leu Ser Arg Thr Arg Asn
115 120 125

Gly Asp Ser Ser Pro Pro Phe Arg Ala Gly Trp Ser Leu Pro Pro Lys
130 135 140

Cys Gly Glu Ile Ser Gln Ser Ala Arg Lys Thr Pro Ala Val Pro Arg
145 150 155 160

Tyr Ser Leu Leu Arg Thr Asp Arg Pro Asp Gly Pro Arg Gly Arg Phe
165 170 175

Val Gly Ser Gly Pro Arg Ala Ala Thr Arg Arg Arg Leu Phe Leu Gly
180 185 190

Ile Pro Ala Leu Val Leu Val Thr Ala Leu Thr Leu Val Leu Ala Val
195 200 205

Pro Thr Gly Arg Glu Thr Leu Trp Arg Met Trp Cys Glu Ala Thr Gln
210 215 220

Asp Trp Cys Leu Gly Val Pro Val Asp Ser Arg Gly Gln Pro Ala Glu
225 230 235 240

Asp Gly Glu Phe Leu Leu Leu Ser Pro Val Gln Ala Ala Thr Trp Gly
245 250 255

Asn Tyr Tyr Ala Leu Gly Asp Ser Tyr Ser Ser Gly Asp Gly Ala Arg
260 265 270

Asp Tyr Tyr Pro Gly Thr Ala Val Lys Gly Gly Cys Trp Arg Ser Ala
275 280 285

Asn Ala Tyr Pro Glu Leu Val Ala Glu Ala Tyr Asp Phe Ala Gly His
290 295 300

Leu Ser Phe Leu Ala Cys Ser Gly Gln Arg Gly Tyr Ala Met Leu Asp
305 310 315 320

Ala Ile Asp Glu Val Gly Ser Gln Leu Asp Trp Asn Ser Pro His Thr
325 330 335

Ser Leu Val Thr Ile Gly Ile Gly Gly Asn Asp Leu Gly Phe Ser Thr
340 345 350
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Val Leu Lys
355

Cys Thr Asp
370

Thr Thr Phe
385

Ala Arg Ile

Thr Gly Ala

Glu Thr Ile

435

His Asp Glu
450

Val Asp Val

Pro Trp Val

Val Asp Arg

Gly Glu Arg

515

Tyr Ala Thr
530

Gly Glu Val
545

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Cys Met Val Arg

360

Gln Glu Asp Ala Ile

375

Glu Glu Leu Ile Ser
390

Leu Val Val Gly Tyr

405

Tyr Tyr Thr Leu Thr

420

Gln Glu Phe Asn Gln

440

Glu Ile Ala Ala Ser

455

Tyr His Ala Leu Asp
470

Asn Gly Val Gln Leu

485

Ser Thr Phe His Pro

500

Val Ile Glu Gln Ile

520

Phe Ala Val Val Ala

Gly

D NO 39
H: 3000
DNA

535

Val Pro Leu

Arg Lys Arg

Glu Val Arg

395

Pro Arg Ile
410

Ala Ser Asn
425

Gln Leu Ala

Gly Gly Val

Gly His Glu

475

Arg Asp Leu
490

Asn Ala Ala
505

Glu Thr Gly

Gly Ala Thr

<213> ORGANISM: Thermobifida fusca

<400> SEQUENCE: 39

ggtggtgaac

caactgctee

ccecgacgag

cgegectteg

geccaggtac

gagcacgtca

cacttteggt

acaggacgac

gatgttcgge

cgcagegatce

gagttcggac

ggcgtagttg

cactgtggtyg

tccttegagy

geggtgetee

gtcgggacte

cagaacaccc

agcaggatge

tacagcaccc

ccegeggett

ggcaggacga

cggcggtcga

tcgatetgeg

caggtcgeac

aggtaggcca

geggeggtge

gegtgecgga

agggtggege

tacggggtgg

tcggttaceg

cgcacccage

cacaggatcg

ggththgC

cgecegtggec

atagcggatg

cgaactcege

cggtgtgctg

agtccttace

cgaaccggte

cgatcgegge

cgacceggte

gggtccgcag

tegecacgge

cggggaacca

cggegegeac

accagcgeca

gggtgaacgc

geggetgegy

gtgggcgtcc

gtgcacgatg

gtcgaacgge

ccaggacagg

caggctgggc

geegtagegg

gaggacgctg

gcaggegagy

gccggggcecc

ttctececccag

tgatgggtca

gacggcgccg

ccggtagtac

cagtgecteg

ggtgaggttg

cttgagtgte

Leu Asp Ser
365

Met Ala Lys
380

Thr Arg Ala

Phe Pro Glu

Gln Arg Trp

430

Glu Ala Val
445

Gly Ser Val
460

Ile Gly Ser

Ala Thr Gly

Gly His Arg

510

Pro Gly Arg
525

Val Asp Thr
540

aggtgcaggt
gecttgggea
agcggggtga
gtgtcggega
atgcecgtege
tagccgteca
cgcaccccga
aatgcggeceyg
accccgagge
gtccactegg
cggtegegga
ggcatggegt
tcccagateg
tagtcecggty
gegegttett

atgaaacgcg

Lys Ala

Phe Glu

Pro Asp
400

Glu Pro
415

Leu Asn

Ala Val

Glu Phe

Asp Glu
480

Val Thr
495

Ala Val

Pro Leu

Leu Ala

gecaggttett
ggcetgtggt
actccagtte

cagggccgca

gcagggcettt
cggccageag
agtcggggga

tegectegge
tgcggaggge
tcaacggeceyg
agatgtgcetce
cggaggcgag
cggaccagaa
cgteccacace
tgcgetecte

accecttegt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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ggacggtgeg

ttgtgcacca

cggccggacyg

agtcccgggg

actcegggec

tcectteccee

aggtactctt

ggaccacgtyg

acagcgctca

tgtgaggcca

gaggacggcyg

gegetegggy

gtgaagggcg

gacttecgecyg

gacgctatcg

acgatcggga

nggthCgC

atggcgaaat

gacgccegga

tactacacge

cagcagcteg

ggcagegtgg

gagcegtggg

agtaccttece

atcgaaaccyg

gtggacactce

gagcactgeg

¢ggggagage

cegttegeac

gecgatgetyg

cacgggggey

ggcagtgccg

geggatcacyg

geccageget

<210>
<211>
<212>
<213>

<400>

SEQ ID NO

gatgcggtga
catctagcac
gtgggttteg
tgctgtggtg
tcagcegtac
cgaaatgegyg
tgcttegaac
cggcgaccag
cgetggtett
cccaggactyg
agtttetget
attcgtactce
gttgctggeg
gacacttgte
acgaggtcgg
tcggeggeaa
tgctggacag
tcgagacgac
tecttgtegt
tgaccgegag
ccgaggetgt
agttcgtgga
tgaacggggt
accccaacge
gecegggecg
tcgegggega
gegatetggt
cggategttyg
agttctette
cgggecgega
agggegegga
accgegcagyg
tcgaagactt

ttgccgaaca

40

LENGTH: 372

TYPE: PRT

gegtegggtyg
gegggacgeg
gccacactta
cgggcegggag
cecgcaacggyg
cgagatctee
agacaggcceg
acgacggttyg
ggctgtecccy
gtgcectgggy
getttetecy
ttcgggggac
gtcegetaac
gttectggee
ctcgcagetyg
cgatctgggg
caaggcgtge
gtttgaagag
gggctaccce
caaccagcgg
cgeggtecac
cgtctaccac
gcagttgegg
cgctgggeac
tccgetetat
ggtggggtga
ccactgeeca
agcegtgegt
cggtggccag
ccacgeegtt
catggtccag
cgagggegtt
cegegtegec

ggtagatatc

cctcecectaa

gaaaccgtat

ggggtegggt

ggctgteget

gacagttcte

cagtcagecc

gacggtccac

ttccteggta

acggggegey

gtgceggteg

gtccaggcag

dgggceecegey

gectatcegyg

tgcageggec

gactggaact

ttcteccacgy

acggaccagg

ctcatcageg

cggattttte

tggctcaacy

gacgaggaga

gegttggacg

gacctegeca

cgggeggteg

gecacttteg

cceggettac

gtgcagttcyg

gtctttgacy

agtcgggtcg

gecgaccagt

gtaagggccg

geegecgaag

taccgeegec

ggcgtegact

ORGANISM: Thermobifida fusca

SEQUENCE :

40

cgcteccegyg tgacggagty

ggagaaaaca cctacaaccce

gectgettge cgggcaggge

tcgaggtgtg ccggcegggac

cteectteey ggetggatgyg

ggaaaacacc cgctgtgece

gggggaggtt tgtgggcagce

tcceegetet tgtacttgty

agacgctgtyg gegcatgtygyg

actccegegyg acagectgeg

cgacctgggyg gaactattac

actactatcce cggcaccgeg

agctggtege cgaagectac

agcgcggceta cgccatgett

ccectecacac gtegetggty

ttttgaagac ctgcatggtyg

aggacgctat ccgcaagegyg

aagtgcgcac ccgegegecg

cggaggaace gaccggcegec

aaaccattca ggagttcaac

ttgccgegte gggeggggtg

gccacgagat cggctceggac

ceggggtgac tgtggaccge

gtgagegggt catcgagcag

cggtggtggc gggggcgacc

cgteeggece gcaggtetge

tctteggtga tgaccagegy

agcacaccce gctgcaggag

acgtcgatce cagcccacag

tggtegagge gggcgegceag

tcgeggacga ggctcaccac

gththCgt gCtggCngg

gecacgggea ggatgcecegece

cegetgtggt cgcaggeccg

Val Gly Ser Gly Pro Arg Ala Ala Thr Arg Arg Arg Leu Phe Leu Gly

1

5

10

15

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000
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Ile

Pro

Asp

Asp

65

Asn

Asp

Asn

Leu

Ala

145

Ser

Cys

Thr

Ala

225

Thr

Glu

Pro
305

Gly

Tyr

Gly

Pro

Thr

Trp

50

Gly

Tyr

Tyr

Ala

Ser

130

Ile

Leu

Leu

Thr

Thr

210

Arg

Gly

Thr

Asp

Asp

290

Trp

Asp

Glu

Ala

Glu
370

Ala

Gly

35

Cys

Glu

Tyr

Tyr

Tyr

115

Phe

Asp

Val

Lys

Asp

195

Phe

Ile

Ala

Ile

Glu

275

Val

Val

Arg

Arg

Thr
355

Val

Leu

20

Arg

Leu

Phe

Ala

Pro

100

Pro

Leu

Glu

Thr

Thr

180

Gln

Glu

Leu

Tyr

Gln

260

Glu

Tyr

Asn

Ser

Val

340

Phe

Gly

Val

Glu

Gly

Leu

Leu

85

Gly

Glu

Ala

Val

Ile

165

Cys

Glu

Glu

Val

Tyr

245

Glu

Ile

His

Gly

Thr

325

Ile

Ala

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Corynebacterium efficiens

PRT

<400> SEQUENCE:

300

41

Leu

Thr

Val

Leu

70

Gly

Thr

Leu

Cys

Gly

150

Gly

Met

Asp

Leu

Val

230

Thr

Phe

Ala

Ala

Val

310

Phe

Glu

Val

Val

Leu

Pro

55

Leu

Asp

Ala

Val

Ser

135

Ser

Ile

Val

Ala

Ile

215

Gly

Leu

Asn

Ala

Leu

295

Gln

His

Gln

Val

Thr

Trp

40

Val

Ser

Ser

Val

Ala

120

Gly

Gln

Gly

Arg

Ile

200

Ser

Tyr

Thr

Gln

Ser

280

Asp

Leu

Pro

Ile

Ala
360

Ala

Arg

Asp

Pro

Tyr

Lys

105

Glu

Gln

Leu

Gly

Val

185

Arg

Glu

Pro

Ala

Gln

265

Gly

Gly

Arg

Asn

Glu

345

Gly

Leu

Met

Ser

Val

Ser

90

Gly

Ala

Arg

Asp

Asn

170

Pro

Lys

Val

Arg

Ser

250

Leu

Gly

His

Asp

Ala

330

Thr

Ala

Thr

Trp

Arg

Gln

75

Ser

Gly

Tyr

Gly

Trp

155

Asp

Leu

Arg

Arg

Ile

235

Asn

Ala

Val

Glu

Leu

315

Ala

Gly

Thr

Leu Val Leu Ala

Cys

Gly

60

Ala

Gly

Cys

Asp

Tyr

140

Asn

Leu

Leu

Met

Thr

220

Phe

Gln

Glu

Gly

Ile

300

Ala

Gly

Pro

Val

Glu

45

Gln

Ala

Asp

Trp

Phe

125

Ala

Ser

Gly

Asp

Ala

205

Arg

Pro

Arg

Ala

Ser

285

Gly

Thr

His

Gly

Asp
365

30

Ala

Pro

Thr

Gly

Arg

110

Ala

Met

Pro

Phe

Ser

190

Lys

Ala

Glu

Trp

Val

270

Val

Ser

Gly

Arg

Arg

350

Thr

Thr

Ala

Trp

Ala

Ser

Gly

Leu

His

Ser

175

Lys

Phe

Pro

Glu

Leu

255

Ala

Glu

Asp

Val

Ala

335

Pro

Leu

Val

Gln

Glu

Gly

80

Arg

Ala

His

Asp

Thr

160

Thr

Ala

Glu

Asp

Pro

240

Asn

Val

Phe

Glu

Thr

320

Val

Leu

Ala

Met Arg Thr Thr Val Ile Ala Ala Ser Ala Leu Leu Leu Leu Ala Gly
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Cys Ala Asp
Ser Ser Gly
35

Thr Asp Val
50

Arg Asp Gln

Asn Tyr Pro

Gly Ala Val

Thr Leu Pro

115

Thr Leu Ser
130

Cys Ile Arg
145

Leu Leu Gly

Leu Asp Arg

Val Val Val

195

Glu Leu Gly
210

Thr Gly Gln
225

Ala Leu Phe
Pro Pro Gln
Tyr Pro Leu

275
Val Arg Asp

290

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Ala Arg Glu Glu

20

Gly Ile Arg Glu Glu

40

Tyr Ile Ala Leu Gly

55

Pro Leu Arg Gly Glu

Glu Leu Leu His Ala

85

Thr Gly Asp Leu Leu

100

Ala Gln Val Asp Ala

120

Ile Gly Gly Asn Asp

135

Glu Arg Ile Ala Gly
150

Glu Thr Ile Gly Glu

165

Val His Glu Ala Ile

180

Thr Gly Tyr Leu Pro

200

Asp Val Ser Glu Ala

215

Ile Asn Glu Thr Val
230

Val Leu Pro Asp Asp

245

Gln Arg Trp Ala Asp

260

His Pro Thr Ser Ala

280

Ala Leu Gly Leu Glu

D NO 42
H: 3000
DNA

295

<213> ORGANISM: Corynebacterium

<400> SEQUENCE: 42

ttCtggggtg

ttCangggg

gtgggcgggy

geceeggtga

ggaggtcagc

gcagcatcge

gcgaaatgat

ccatceggea

ttatggggtt

acttttgtgt

ctgtgtegec

geggtgaatg

gcccggagtg

getecegggt

caccggggag

attcgggcag

gttatcgget

ccaacagecg

atgagggggce

aaatcecgget

tctacgcagt

cttggegtec

tgatacaccyg

CtCnggtgg

Thr

25

Gly

Asp

Pro

Glu

Glu

105

Leu

Leu

Glu

Gln

Arg

185

Leu

Asp

Arg

Ala

Ile

265

Gly

Pro

10

Ala

Ala

Ser

Phe

Val

90

Pro

Thr

Gly

Asn

Leu

170

Asp

Val

Arg

Glu

Asp

250

Gln

His

Val

Gly

Glu

Tyr

Cys

75

Thr

Arg

Glu

Phe

Ala

155

Asp

Arg

Ser

Arg

Ala

235

Glu

Gly

Glu

Gln

efficiens

cgtectgggt

agaatgagtg

ggnggCtCt

gtaatcagca

cggatectet

ctcggetgtt

gtggtctcat

aagtaggtgg

Ala Pro Pro
30

Ala Ser Thr
45

Ala Ala Met
60

Leu Arg Ser

Asp Leu Thr

Thr Leu Gly
110

Asp Thr Thr
125

Gly Glu Val
140

Asp Asp Cys

Gln Leu Pro

Ala Gly Asp
190

Ala Gly Asp
205

Trp Ala Val
220

Ala Glu Arg

His Thr Ser

Gln Gln Thr
270

Ala Met Ala
285

Pro
300

ggatccegece
ccctgagegy
gtggtgccce
tccegtgece
cggactegge
ctgectgety
cceggatgec

catccgatge

15

Gly Glu

Ser Ile

Gly Gly

Ser Gly

Cys Gln
95

Glu Arg

Leu Val

Ala Gly

Val Asp
160

Pro Gln
175

Ala Gln

Cys Pro

Glu Leu

His Asp
240

Cys Ala
255

Asp Ala

Ala Ala

aggtggggta
tgggaatgag
gegaccceeg
acccegtegy
catgctgteg
tccctggaag

cacttecggeyg

gtcggtgacg

60

120

180

240

300

360

420

480
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-continued
ccatagtggg cgaagatctc atcctgeteg agggtgctea ggecactcete cggatcgata 540
tecgggggegt ccttgatgge gtecttgetg aaaccgaggt gcagettgtyg ggcttcecaat 600
ttegeaccac ggagegggac gaggctggaa tgacggccga agageccgtyg gtggacctca 660
acgaaggtgg gtagtccegt gtcatcattg aggaacacge cctcecaccge acccagettg 720
tggceggagt tgtcgtagge getggcatce agaagggaaa cgatctcata tttgteggtg 780
tgctcagaca tgatcttect ttgctgtegg tgtetggtac taccacggta gggctgaatg 840
caactgttat ttttctgtta ttttaggaat tggtccatat cccacaggct ggctgtggtce 900
aaatcgtcat caagtaatcc ctgtcacaca aaatgggtgg tgggagccct ggtegeggtt 960
cegtgggagg cgcegtgece cgcaggateg teggcategyg cggatctgge cggtaccccg 1020
cggtgaataa aatcattctg taaccttcat cacggttggt tttaggtatc cgccccttte 1080
gtectgacee cgtecccegge gegegggage ccgegggttyg cggtagacag gggagacgtyg 1140
gacaccatga ggacaacggt catcgcagca agcgcattac tcecttcectege cggatgegeg 1200
gatggggcee gggaggagac cgccggtgca ccgcecgggtyg agtecteegg gggcatcegyg 1260
gaggagggygyg cggaggcgtce gacaagcatc accgacgtcet acatcgecct cggggattec 1320
tatgcggcga tgggcgggceg ggatcagcecg ttacggggtg agceccecgttctg cetgegetceg 1380
tcecggtaatt acccggaact cctccacgca gaggtcaccg atctcacctg ccagggggcyg 1440
gtgaccgggyg atctgctcga acccaggacg ctgggggage geacgcetgec ggegcaggtyg 1500
gatgcgctga cggaggacac caccctggtce accctetceca tegggggcaa tgacctcegga 1560
ttecggggagg tggcgggatg catccgggaa cggatcgecg gggagaacgce tgatgattgce 1620
gtggacctyge tgggggaaac catcggggag cagctcegatce agettecccce gecagetggac 1680
cgegtgecacyg aggctatcceg ggaccgegece ggggacgege aggttgtggt caccggttac 1740
ctgcegeteg tgtctgcegyg ggactgccce gaactggggg atgtctccga ggcggatcegt 1800
cgttgggegyg ttgagetgac cgggcagatce aacgagacceyg tgcgcgagge ggccgaacga 1860
cacgatgcce tetttgtect geccgacgat gccgatgage acaccagttg tgcaccccca 1920
cagcagcgcet gggeggatat ccagggecaa cagaccgatyg cctatccget gcacccgace 1980
tcegecggee atgaggegat ggccgecgece gtecgggacyg cgetgggect ggaaccggte 2040
cagcegtage gccgggegeg cgcttgtega cgaccaacce atgecagget gcagtcacat 2100
ccgcacatag cgcgegeggg cgatggagta cgcaccatag aggatgagec cgatgecgac 2160
gatgatgagce agcacactgce cgaagggttg ttcccegagg gtgcgcagag ccgagtccag 2220
acctgeggee tgctecggat catgggecca accggcgatyg acgatcaaca cccccaggat 2280
ccecgaaggeg ataccacggg cgacataacce ggcetgttecg gtgatgatga tcegeggtecce 2340
gacctgceect gaccccgcac ccgectcecag atccteccgg aaatcceceggg tggecccctt 2400
ccagaggttg tagacacccg cccccagtac caccagcceceg gcgaccacaa ccagcaccac 2460
accccagggt tgggatagga cggtggceggt gacatcggtg geggtcectcecce catcggaggt 2520
getgecgeee cgggcgaagg tggaggtggt caccgecagg gagaagtaga ccatggecat 2580
gaccgcceece ttggeccttt ccttgaggte ctcecgecceccgec agcagcetggce tcaattgeca 2640
gagtcccagyg gecgecaggg cgatgacgge aacccacagg aggaactgec cacccggage 2700
ctecgegatyg gtggecaggg cacctgaatt cgaggcectea tcacccgaac cgcecggatce 2760
agtggcgatg cgcaccgcga tccacccgat gaggatgtge agtatgccca ggacaatgaa 2820
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accacctetg gecagggtgg tcagegeggg gtggtceccteg gectggtcecgg cagceccgtte 2880
gatcgtcegt ttecgeggatce tggtgtegece cttatccata getcecccattg aaccgecttyg 2940
aggggtgggce ggccactgtce agggcggatt gtgatctgaa ctgtgatgtt ccatcaaccce 3000
<210> SEQ ID NO 43

<211> LENGTH: 268

<212> TYPE: PRT

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 43

Met Arg Arg Phe Arg Leu Val Gly Phe Leu Ser Ser Leu Val Leu Ala
1 5 10 15

Ala Gly Ala Ala Leu Thr Gly Ala Ala Thr Ala Gln Ala Ala Gln Pro
20 25 30

Ala Ala Ala Asp Gly Tyr Val Ala Leu Gly Asp Ser Tyr Ser Ser Gly
35 40 45

Val Gly Ala Gly Ser Tyr Ile Ser Ser Ser Gly Asp Cys Lys Arg Ser
Thr Lys Ala His Pro Tyr Leu Trp Ala Ala Ala His Ser Pro Ser Thr
65 70 75 80

Phe Asp Phe Thr Ala Cys Ser Gly Ala Arg Thr Gly Asp Val Leu Ser
85 90 95

Gly Gln Leu Gly Pro Leu Ser Ser Gly Thr Gly Leu Val Ser Ile Ser
100 105 110

Ile Gly Gly Asn Asp Ala Gly Phe Ala Asp Thr Met Thr Thr Cys Val
115 120 125

Leu Gln Ser Glu Ser Ser Cys Leu Ser Arg Ile Ala Thr Ala Glu Ala
130 135 140

Tyr Val Asp Ser Thr Leu Pro Gly Lys Leu Asp Gly Val Tyr Ser Ala
145 150 155 160

Ile Ser Asp Lys Ala Pro Asn Ala His Val Val Val Ile Gly Tyr Pro
165 170 175

Arg Phe Tyr Lys Leu Gly Thr Thr Cys Ile Gly Leu Ser Glu Thr Lys
180 185 190

Arg Thr Ala Ile Asn Lys Ala Ser Asp His Leu Asn Thr Val Leu Ala
195 200 205

Gln Arg Ala Ala Ala His Gly Phe Thr Phe Gly Asp Val Arg Thr Thr
210 215 220

Phe Thr Gly His Glu Leu Cys Ser Gly Ser Pro Trp Leu His Ser Val
225 230 235 240

Asn Trp Leu Asn Ile Gly Glu Ser Tyr His Pro Thr Ala Ala Gly Gln
245 250 255

Ser Gly Gly Tyr Leu Pro Val Leu Asn Gly Ala Ala
260 265

<210> SEQ ID NO 44

<211> LENGTH: 2000

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 44

ceceggeggee cgtgcaggag cagcagecgg cecgegatgt cetegggegt cgtcettcate 60

aggccgteca tegegtegge gaccggegee gtgtagttgg cecggaccte gteccaggtg 120

cecegeggega tetggegggt ggtgeggtge gggecgegee gaggggagac gtaccagaag 180
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ccecategtea cgtteteegg ctgcggtteg ggetegteeyg cegetecegte cgtegecteg 240
ccgageacct tcteggegag gteggegetg gtegecgtea cegtgacgte ggegecccegg 300
cteccagegeg agatcagcag cgtccagecg tegeccteeg ccagegtege getgeggteg 360
tegtegeggg cgatccgecag cacgcgegeg cegggceggea gcagegtgge gecggaccgt 420
acgcggtcega tgttegecge gtgcgagtac ggetgctcac cegtggcgaa acggecgagg 480
aacagcgcegt cgacgacgtc ggacggggag tegetgtegt ccacgttgag ccggatcgge 540
agggcttegt gcegggttcac ggacatgteg ccatgategyg gcacccggece gcecgegtgea 600
ccegetttee cgggcacgca cgacagggge tttetegeeg tettecgtece gaacttgaac 660
gagtgtcage catttecttgg catggacact tccagtcaac gegcegtaget gctaccacgg 720
ttgtggcage aatcctgcta agggaggttce catgagacgt ttecgacttyg tceggettect 780
gagttcgete gtectegeeg ceggegecge cctcaceggg geagcgacceg cecaggegge 840
ccaacccgee gecgecgacg getatgtgge ceteggegac tectactect ceggggtegyg 900
agcgggcage tacatcagcet cgagcggega ctgcaagege agcacgaagyg cccatccecta 960
cctgtgggeg gecgeccact cgccctecac gttegactte accgectgtt ceggegeccg 1020
tacgggtgat gttctcteeg gacagctcgg ccegctcage tccggcacceg gectegtete 1080
gatcagcatc ggcggcaacg acgccggttt cgccgacacc atgacgacct gtgtgctceca 1140
gtccgagage tcectgectgt cgeggatcge caccgccgag gegtacgtceg actcgacget 1200
geeeggcaayg ctecgacggeg tctactegge aatcagegac aaggcgecga acgceccacgt 1260
cgtegtecate ggctaccege gettctacaa gcteggcace acctgcateg gectgtecga 1320
gaccaagcgyg acggcgatca acaaggcectce cgaccacctce aacaccgtec tegeccageg 1380
cgecgecgee cacggettca cctteggega cgtacgcace accttcaccyg gccacgaget 1440
gtgctcecgge agecccctgge tgcacagegt caactggctg aacatcggceg agtcgtacca 1500
cceccaccgeg gecggecagt ccggtggeta cetgeceggte ctcaacggeyg ccegectgace 1560
tcaggcggaa ggagaagaag aaggagcgga gggagacgag gagtgggagyg ccccgeccga 1620
cggggtecce gtceecegtet cegtctecgt ceeggteceyg caagtcaccyg agaacgccac 1680
cgegteggac gtggeccgca ccggacteeg cacctcecacyg cgcacggcac tctcgaacge 1740
geeggtgteg tegtgegteg tcaccaccac gecgtectgg cgcgageget cgecgeccga 1800
cgggaaggac agcgtecgece accccggatce ggagaccgac cegtecgegyg tcacccaccyg 1860
gtagccgace tcecgegggca gcecgeccgac cgtgaacgte gecgtgaacyg cgggtgceccg 1920
gtegtgegge ggeggacagg cccccgagta gtgggtgege gagcccacca cggtcaccte 1980
caccgactgce gctgeggggce 2000

<210> SEQ ID NO 45
<211> LENGTH: 269

<212> TYPE:

PRT

<213> ORGANISM: Streptomyces avermitilis

<400> SEQUENCE: 45

Met Arg Arg Ser Arg Ile Thr Ala Tyr Val Thr Ser Leu Leu Leu Ala

1

5

10

15

Val Gly Cys Ala Leu Thr Gly Ala Ala Thr Ala Gln Ala Ser Pro Ala

20

25

30

Ala Ala Ala Thr Gly Tyr Val Ala Leu Gly Asp Ser Tyr Ser Ser Gly

35

40

45
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Val Gly Ala
Ser Lys Ala
65

Phe Ser Phe

Asn Gln Leu

Ile Gly Gly

115

Leu Gln Ser
130

Tyr Val Asp
145

Ile Ser Thr

Arg Phe Tyr

Lys Arg Ser

195

Ala Lys Arg
210

Thr Phe Thr
225

Leu Asp Leu

Gln Ser Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Streptomyces avermitilis

Gly Ser Tyr Leu Ser

55

Tyr Pro Tyr Leu Trp

70

Met Ala Cys Ser Gly

85

Gly Thr Leu Asn Ser

100

Asn Asp Ala Gly Phe

120

Asp Ser Ala Cys Leu

135

Ser Thr Leu Pro Gly
150

Lys Ala Pro Ser Ala

165

Lys Leu Gly Gly Ser

180

Ala Ile Asn Asp Ala

200

Ala Ala Asp His Gly

215

Gly His Glu Ile Cys
230

Leu Asn Ile Gly Gln

245

Gly Tyr Leu Pro Val

260

D NO 46
H: 1980
DNA

<400> SEQUENCE: 46

ccaccgeagyg

cgttcagege

tgcecttget

ccttgatege

cgggcagtgc

tceggatett

CgCCtgggtg

gegtegtgtt

agttgagacc

ggggcgaccc

getggtacga

attacggcat

acggcgcagg

tegteeggty

aaggcctatce

gteggeggeg

ggcgecgaac

cgacgeggec

ggtgggggag

ggtgaatccyg

cttgctacge

dggcgceacgy

cegeectgygy

ctgtcatgag

cggaaagtge

cggttacgge

acgtgaccte

cgtecccage

thgCgCng

cgtacctetyg

agtctectgg

gtcttettea

ttgaagcegyg

ccggcecggcga

cccacgagygyg

agctgtgeca

ctgtgggggg

ttgagtaaag

tctgacatga

cgagaagtct

agagatcctg

actcctecte

cgecegegged

cagctaccte

gcaggccgcg

Ser

Gln

Ala

Ser

105

Ser

Ser

Gln

His

Cys

185

Ala

Phe

Ser

Ser

Met
265

Ser

Ala

Arg

90

Thr

Asp

Arg

Leu

Val

170

Leu

Asp

Thr

Ser

Tyr

250

Asn

Gly

Ala

75

Thr

Gly

Val

Ile

Asp

155

Ala

Ala

Tyr

Phe

Ser

235

His

Ser

ccteggtege

cegtgecgee

tgcccttett

gcaccgtgee

cgceggtege

tacgagggag

tgcgegegte

ccteggecat

gcacgcaatce

tggcatggac

ctaaagggag

geegtegget

acgggctatg

agctccageg

cattcaccct

Asp Cys Lys
60

His Ser Pro

Gly Asp Val

Leu Val Ser

110

Met Thr Thr
125

Asn Thr Ala
140

Ser Val Tyr

Val Leu Gly

Gly Leu Ser
190

Leu Asn Ser
205

Gly Asp Val
220

Thr Trp Leu

Pro Thr Ala

Val Ala

ggagaggttyg
gtactegttg
gagcgtgacyg
cteggecggy

cacggeggtt

tcctectety
atcacgcaca
ctacgggggt
aacggggecg
acttcctgte
gttccatgag
gegeccteac
tggccctegy
gegactgcaa

cgtegtteag

Arg Ser
Ser Ser
80

Leu Ala
95

Leu Thr

Cys Val

Lys Ala

Thr Ala
160

Tyr Pro
175

Glu Thr

Ala Ile

Lys Ser

His Ser
240

Ala Gly
255

geegtgtage
atcaggcect
atgtagctge
gtggectggyg
atcgcggega
ggcageggeg
cggecctgga
ggctcaaggg
tgagcaccce
aacacgcgta
acgttccega
cggggcageg
cgactegtac
gegeagtteg

tttcatgget

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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tgctegggeg ctegtacggg tgatgtectg gecaatcage teggcacccet gaactegtcee 960
accggectgg tcetceectcac catcggaggce aacgacgcegg gcecttctceccga cgtcatgacg 1020
acctgtgtge tccagtccga cagcgcectge ctetecccegeca tcaacacggce gaaggcgtac 1080
gtecgactceca cectgeccgg ccaactcgac agegtgtaca cggcgatcag cacgaaggec 1140
ccgteggece atgtggcegt getgggctac ccecegcecttet acaaactggg cggctcectge 1200
ctegegggee teteggagac caagceggtece gecatcaacyg acgeggcecga ctatctgaac 1260
agcgecateg ccaagegege cgccgaccac ggettcacct teggcgacgt caagagcace 1320
ttcaccggce atgagatctg cteccagcage acctggetge acagtctcga cctgctgaac 1380
atcggecagt cctaccacce gaccgeggece ggecagteeg geggctatet gcecggtceatg 1440
aacagcgtgg cctgagctcec cacggcectga atttttaagg cctgaatttt taaggcgaag 1500
gtgaaccgga agcggaggcece ccgtceegteg gggtctecegt cgcacaggtce accgagaacy 1560
gcacggagtt ggacgtcgtg cgcaccgggt cgcgcacctce gacggcgatce tcgttcgaga 1620
tcgtteeget cgtgtecgtac gtggtgacga acacctgett ctgctgggte tttecgeccege 1680
tcgcecgggaa ggacagcgte ttceccageccg gatccgggac ctcecgecectte ttggtcacce 1740
agcggtacte cacctcgacce ggcaccegge ccaccgtgaa ggtegecegtyg aacgtgggeg 1800
cctgggeggt gggeggeggg caggcaccgg agtagtceggt gtgcacgecyg gtgaccgtca 1860
ccttecacgga ctgggecgge ggggtegteg taccgcecgee gecaccgecyg ccteccggag 1920
tggagcccga getgtggteg cccccecgecgt cggegttgte gtcecctegggg gttttcegaac 1980
<210> SEQ ID NO 47

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Thermobifida fusca

<400> SEQUENCE: 47

Met Gly Ser Gly Pro Arg Ala Ala Thr Arg Arg Arg Leu Phe Leu Gly
1 5 10 15

Ile Pro Ala Leu Val Leu Val Thr Ala Leu Thr Leu Val Leu Ala Val
20 25 30

Pro Thr Gly Arg Glu Thr Leu Trp Arg Met Trp Cys Glu Ala Thr Gln
35 40 45

Asp Trp Cys Leu Gly Val Pro Val Asp Ser Arg Gly Gln Pro Ala Glu
50 55 60

Asp Gly Glu Phe Leu Leu Leu Ser Pro Val Gln Ala Ala Thr Trp Gly

Asn Tyr Tyr Ala Leu Gly Asp Ser Tyr Ser Ser Gly Asp Gly Ala Arg
85 90 95

Asp Tyr Tyr Pro Gly Thr Ala Val Lys Gly Gly Cys Trp Arg Ser Ala
100 105 110

Asn Ala Tyr Pro Glu Leu Val Ala Glu Ala Tyr Asp Phe Ala Gly His
115 120 125

Leu Ser Phe Leu Ala Cys Ser Gly Gln Arg Gly Tyr Ala Met Leu Asp
130 135 140

Ala Ile Asp Glu Val Gly Ser Gln Leu Asp Trp Asn Ser Pro His Thr
145 150 155 160

Ser Leu Val Thr Ile Gly Ile Gly Gly Asn Asp Leu Gly Phe Ser Thr
165 170 175

Val Leu Lys Thr Cys Met Val Arg Val Pro Leu Leu Asp Ser Lys Ala
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180 185 190
Cys Thr Asp Gln Glu Asp Ala Ile Arg Lys Arg Met Ala Lys Phe Glu
195 200 205
Thr Thr Phe Glu Glu Leu Ile Ser Glu Val Arg Thr Arg Ala Pro Asp
210 215 220
Ala Arg Ile Leu Val Val Gly Tyr Pro Arg Ile Phe Pro Glu Glu Pro
225 230 235 240
Thr Gly Ala Tyr Tyr Thr Leu Thr Ala Ser Asn Gln Arg Trp Leu Asn
245 250 255
Glu Thr Ile Gln Glu Phe Asn Gln Gln Leu Ala Glu Ala Val Ala Val
260 265 270
His Asp Glu Glu Ile Ala Ala Ser Gly Gly Val Gly Ser Val Glu Phe
275 280 285
Val Asp Val Tyr His Ala Leu Asp Gly His Glu Ile Gly Ser Asp Glu
290 295 300
Pro Trp Val Asn Gly Val Gln Leu Arg Asp Leu Ala Thr Gly Val Thr
305 310 315 320
Val Asp Arg Ser Thr Phe His Pro Asn Ala Ala Gly His Arg Ala Val
325 330 335
Gly Glu Arg Val Ile Glu Gln Ile Glu Thr Gly Pro Gly Arg Pro Leu
340 345 350
Tyr Ala Thr Phe Ala Val Val Ala Gly Ala Thr Val Asp Thr Leu Ala
355 360 365
Gly Glu Val Gly
370
<210> SEQ ID NO 48
<211> LENGTH: 968
<212> TYPE: DNA
<213> ORGANISM: Thermobifida fusca
<400> SEQUENCE: 48
ctgcagacac ccgcecccgee ttectceeecgga tegtcatgtt cggegactece ctcagegaca 60
ccggcaagat gtactccaag atgcgegget acctgcecegte ctecccgecyg tactacgagg 120
geegettete gaacggceceg gtctggetgg agcagetgac gaagcagttce ceeggectga 180
cgatcgecaa cgaggecgag gggggcgega cegcagtege ctacaacaag atctectgga 240
acccgaagta ccaggtcatt aacaacctcg actacgaggt cacccagttce ttgcagaagg 300
actcgttcaa gcccgacgac ctggtcatcee tgtgggtggg cgccaacgac tacctggect 360
acggttggaa cacggagcag gacgccaagce gggtgcgega cgccatcteyg gacgeggcaa 420
accgcatggt cctgaacggce gcgaagcaga tcectgcetgtt caacctgece gacctgggece 480
agaacccgte cgccecgetcee cagaaggtceg tegaggcegt ctegcacgtyg tccgectace 540
acaacaagct gctcectcaac ctcgceegge agetcgeccee gacgggcatyg gtcaagetgt 600
tcgagatcga caagcagttc gcggagatge tgegcgacce ccagaactte ggectgageg 660
acgtggagaa cccgtgctac gacggegget acgtgtggaa gecgttegece acceggtcecg 720
tctegaccega cceggecagetyg teggecttet cgecccagga gegectggeyg atcgetggea 780
acccgetect ggcacaggceg gtagettege cgatggeceg cegeteggece tcegeccectca 840
actgcgaggg caagatgttc tgggaccagg tccaccccac caccgtggte cacgecgecce 900
tcteggageg cgccgecace ttcatcgaga cecagtacga gttectcegece cactagtcta 960
gaggatcc 968
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<210> SEQ ID NO 49
<211> LENGTH: 1044
<212> TYPE: DNA
<213> ORGANISM: Aeromonas salmonicida
<400> SEQUENCE: 49
atgaaacaac aaaaacggct ttacgecccga ttgctgacge tgttatttge getcatctte 60
ttgctgecte attectgcage ttcagecagca gatacaagac cggegtttag ceggategte 120
atgtttggag atagecctgag cgatacgggce aaaatgtata gcaaaatgayg aggctatett 180
cegtcaagee cgcegtatta tgaaggecge tttagcaatyg gaccggtetyg getggaacaa 240
ctgacgaaac aatttccggg actgacgatce gectaatgaag cagaaggagyg agcaacageg 300
gtegectata acaaaatcag ctgggacceg aaatatcagg tcatcaacaa cctggactat 360
gaagtcacac agtttcttca gaaagacage tttaaaccgg atgatctggt catcetttgy 420
gteggegeca atgattatcet ggegtatgge tggaacacag aacaagatge caaaagagtce 480
agagatgcca tcagegatge cgctaataga atggtcctga acggcgccaa acaaatccetg 540
ctgtttaace tgcecggatcet gggacaaaat cegagegeca gaagccaaaa agtegtcgaa 600
gcagtcagee atgtcagege ctatcataac aaactgetge tgaacctgge aagacaattg 660
gcaccgacgyg gaatggttaa attgtttgaa attgacaaac agtttgeccga aatgctgaga 720
gatccgcaaa attttggect gagegatgte gaaaacccgt getatgatgg cggatatgte 780
tggaaaccgt ttgccacaag aagcgtcage acggatagac aactgtcage gtttageceg 840
caagaaagac tggcaatcge cggaaatccg cttttggcac aagcagttge ttcaccgatg 900
gcaagaagat cagcaagcce gcetgaattge gaaggcaaaa tgttttggga tcaggtccat 960

ccgacaacag ttgtccatge tgccctttca gaaagagcegg cgacgtttat cgaaacacag 1020
tatgaatttc tggcccatgg ctga 1044
<210> SEQ ID NO 50

<211> LENGTH: 1005

<212> TYPE: DNA

<213> ORGANISM: Aeromonas hydrophila

<400> SEQUENCE: 50

atgaaaaaat ggtttgtgtg tttattggga ttggtcgege tgacagttca ggcagcecgac 60
agcegteceg cctteteceg gategtgatg tttggegaca gectcteega taccggcaag 120
atgtacagca agatgcgegg ttaccteece tccageccece cctactatga gggecgette 180
tccaacggge ccgtetgget ggagcagetg accaacgagt tecegggect gaccatagece 240
aacgaggcgyg aaggcggacce gaccgecgtg gettacaaca agatctceetg gaatcccaag 300
tatcaggtca tcaacaacct ggactacgag gtcacccagt tectgcaaaa agacagette 360
aagccggacyg atctggtgat cctetgggte ggegecaacg actatcetgge ctatggetgg 420
aacacagagc aggatgccaa gegggtgege gacgecatca gegatgegge caaccgcatg 480
gtgctgaacyg gcgccaagga gatactgetyg ttcaacctge cggatctggyg ccagaaccec 540
tcggeccgea gecagaaggt ggtegaggeg gecagecatg tetecgecta ccacaaccag 600
ctgctgetga acctggeacg ccagetgget cccaccggea tggtgaaget gttcegagate 660
gacaagcagt ttgccgagat gctgegtgat ccgcagaact teggectgag cgaccagagg 720

aacgcctget acggtggecag ctatgtatgg aageegtttg cetecegeag cgecagcace 780
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204

gacagccage

ctggeccagyg

ggcaagatgt

cecegeageca

tctecgectt

cegtegecag

tctgggatca

cctteatega

<210> SEQ ID NO 51
<211> LENGTH: 1011

<212> TYPE:

DNA

caaccegeag

ccccatgget

ggtccaccce

gagccagtac

gagegecteg
gecegeageg
accactgteg

gagttccteyg

<213> ORGANISM: Aeromonas salmonicida

<400> SEQUENCE: 51

atgaaaaaat

actegeceeg

atgtacagca

tccaacggac

aacgaagcgg

tatcaggtct

aagccggacyg

aatacggagc

gtactgaacyg

tcagceegea

ctgetgetga

gacaagcaat

aaccecetget

gaccgccage

ctggcacagg

ggcaagatgt

cgegeageca

ggtttgtttyg

cctteteceyg

agatgcgegg

cegtetgget

aaggcggtgc

acaacaacct

atctggtgat

aggatgccaa

gtgccaagca

gtcagaaggt

acctggeacyg

ttgccgagat

acgacggcgg

tctecgectt

cegttgecag

tctgggatca

cctteatega

<210> SEQ ID NO 52
<211> LENGTH: 888

<212> TYPE:

DNA

tttattgggy

gatcgtgatyg

ttacctecce

ggagcagctg

cactgeegtyg

ggactacgag

cctetgggte

gegagttege

gatactgcetyg

ggtcgaggeg

ccagetggec

getgegtgat

ctatgtgtgg

cagtcecgeag

tcctatggec

ggtacacccyg

gacccagtac

ttgatcgege

ttcggcgaca

tccagecege

accaagcagt

gcttacaaca

gtcacccagt

ggtgccaatyg

gatgccatca

ttcaacctge

gtcagccatyg

cccaccggea

ccgcagaact

aagcegtttyg

gaacgccteg

cgcegeageg

accactgteg

gagttccteyg

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 52

atgccgaage

geeccteggee

gactacgteg

gccaacctge

ggcgceccgee

cagtaccegyg

ctcaccateg

gnggtgtCC

gacgacgaga

geccagggete

gecgaccegt

ctgeeetteg

tcaccgacge

ceccteggega

tctgtetgeg

tcacggacgt

gegtegcace

geggcaacga

tecageggegg

tcgaggecaa

cccacgecag

cctgettect

ccgtgteatg

caccgcccac

cagctacage

ctcgacggec

cacctgegge

ccagttggac

caacagcacc

caagggcage

cacgtaccce

ggtggegget

gaagctccce

accgcgacag

geegegeccy

geeggetecy

aactaccccce

gecgegeaga

gegeteggea

ttcatcaacyg

ccctgcaagy

gegetcaagyg

ctcggetace

ctegeegeeyg

ccatcgeegg caacccgetyg

ccagcaccct caactgtgag

tgcacgcege cctgagcegag

cccac

tgacagttca ggcagccgac

gecteteega taccggcaaa

cctactatga gggecgttte

tccegggtet gaccatcgec

agatctcctyg gaatcccaag

tcttgcagaa agacagcttce

actatctgge atatggetgg

gegatgegge caaccgcatg

cggatctggg ccagaacccg

tctecgecta tcacaacaag

tggtaaagct gttcgagatc

tcggectgag cgacgtegag

ccaccegeag cgtcagcace

ccatcgeegg caacccgetyg

ccagcccect caactgtgag

tgcacgcage cctgagcgag

cccacggatg a

tcgecgeegt cggcacgete

cccaggecac tccgaccctyg

gegtectgee cgtcegaccee

acgtcatcge ggacacgacg

cecgecgactt cacgegggec

ceggcacgga cctggtcacy

ccatcacgge ctgeggcacyg

acaggcacgg cacctectte

aggcgetget cggegtecge

cgtggatcac cccggecace

gtgacgtgce ctacctgegg

840

900

960

1005

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1011

60

120

180

240

300

360

420

480

540

600

660
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geecatccagyg cacacctcaa cgacgeggte cggegggecg ccgaggagac cggagccacce 720
tacgtggact tcteeggggt gtccgacgge cacgacgect gegaggceccee cggcacccge 780
tggatcgaac cgctgetett cgggcacage ctegtteceeg tcecaccccaa cgcecctggge 840
gagcggegea tggecgagca cacgatggac gtecteggece tggactga 888
<210> SEQ ID NO 53
<211> LENGTH: 888
<212> TYPE: DNA
<213> ORGANISM: Streptomyces coelicolor
<400> SEQUENCE: 53
tcagtccagg ccgaggacgt ccatcgtgtg cteggcecatyg cgecgetege ccagggegtt 60
ggggtggacyg ggaacgaggce tgtgcccgaa gagcageggt tegatccage gggtgccggyg 120
ggectegeayg gegtegtgge cgteggacac cccggagaag tcecacgtagg tggetceggt 180
ctecteggeg geccegecgga ccgegtegtt gaggtgtgece tggatggece gcaggtaggg 240
cacgtcaccyg gceggegaggg ggagcttcag gaagcaggac gggteggegyg tggecggggt 300
gatccacggyg tagccgagag ccgecaccct ggegtgggga gecctggege ggacgcecgag 360
cagcgectee ttgagegegg ggtacgtgtt ggectcegate tegtegtega aggaggtgece 420
gtgectgtece ttgcagggge tgcecttgcece gecgetgagg acacccegecg tgecgcagge 480
cgtgatggeg ttgatgaagg tgctgttgte gttgccegecyg atggtgageyg tgaccaggte 540
cgtgecggty ccgagegegt ccaactgggg tgcgacgece gggtactggyg cccgegtgaa 600
gteggeggte tgegeggege cgcaggtgac gtceegtgagg cgggcegecceg tegtgteege 660
gatgacgtgyg gggtagttgg ccgtcgageg cagacagagce aggttggegg ggtcgacggg 720
caggacgcceg gagcecggege tgtagetgte gecgagggeg acgtagtceca gggtcggagt 780
ggectgggeg ggegeggegt gggeggtgge gteggtgagg ccgagggcega gcgtgecgac 840
ggcggcegact gtegeggtca tgacacggeg aagggcaggce tteggeat 888
<210> SEQ ID NO 54
<211> LENGTH: 717
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 54
atggattacg agaagtttct gttatttggg gattccatta ctgaatttge ttttaatact 60
aggcccattg aagatggcaa agatcagtat getcecttggag ccegcattagt caacgaatat 120
acgagaaaaa tggatattct tcaaagaggg ttcaaagggt acacttctag atgggegttg 180
aaaatacttc ctgagatttt aaagcatgaa tccaatattg tcatggccac aatatttttg 240
ggtgccaacyg atgcatgcte agcaggtccce caaagtgtce cectccccga atttatcgat 300
aatattcgte aaatggtatc tttgatgaag tcttaccata tccgtcctat tataatagga 360
ccggggetag tagatagaga gaagtgggaa aaagaaaaat ctgaagaaat agctctcgga 420
tacttccgta ccaacgagaa ctttgccatt tattccgatyg ccttagcaaa actagccaat 480
gaggaaaaag ttcccttegt ggctttgaat aaggegtttce aacaggaagg tggtgatget 540
tggcaacaac tgctaacaga tggactgcac ttttccggaa aagggtacaa aatttttcat 600
gacgaattat tgaaggtcat tgagacattc tacccccaat atcatcccaa aaacatgcag 660
tacaaactga aagattggag agatgtgcta gatgatggat ctaacataat gtcttga 717
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<210> SEQ ID NO 55
<211> LENGTH: 1044
<212> TYPE: DNA
<213> ORGANISM: Ralstonia sp.
<400> SEQUENCE: 55
atgaacctgce gtcaatggat gggcgecgece acggetgece ttgecttggyg cttggecgeg 60
tgegggggeyg gtgggaccga ccagagegge aatcccaatyg tegecaaggt gcagegcatg 120
gtggtgtteg gcgacagect gagcgatatc ggcacctaca cecccegtege gecaggceggtyg 180
ggcggeggea agttcaccac caacceggge ccgatctggg ccgagaccgt ggecgcegcaa 240
ctgggegtga cgctcacgcece ggcggtgatg ggctacgeca cctecgtgea gaattgecce 300
aaggccgget gettegacta tgcgcaggge ggctegegeyg tgaccgatcece gaacggcate 360
ggccacaacyg gcggcegeggg ggcgetgace taccceggtte agcagcaget cgecaactte 420
tacgcggcca gcaacaacac attcaacgge aataacgatg tegtettegt getggecgge 480
agcaacgaca ttttettetg gaccactgeg geggccacca geggetceegyg cgtgacgece 540
gecattgeca cggeccaggt gcagcaggcece gcgacggacce tggtceggeta tgtcaaggac 600
atgatcgcca agggtgcgac gcaggtctac gtgttcaacce tgcccgacag cagcectgacg 660
ccggacggeg tggcaagegg cacgaccgge caggegetge tgcacgeget ggtgggcacyg 720
ttcaacacga cgctgcaaag cgggctggece ggcacctegyg cgegcatcat cgacttcaac 780
gcacaactga ccgeggcgat ccagaatgge gectegtteg gettcegecaa caccagcegec 840
cgggectgeg acgccaccaa gatcaatgece ctggtgccga gegecggegyg cagcetegetg 900
ttetgetegg ccaacacgct ggtggettee ggtgceggace agagctacct gttegecgac 960
ggegtgcace cgaccacgge cggcecatcge ctgatcegeca geaacgtget ggegegectg 1020
ctggcggata acgtcgcgca ctga 1044
<210> SEQ ID NO 56
<211> LENGTH: 786
<212> TYPE: DNA
<213> ORGANISM: Streptomyces coelicolor
<400> SEQUENCE: 56
gtgatcgggt cgtacgtgge ggtgggggac agcttcacceyg agggcegtegg cgaccccgge 60
ccegacgggg cgttegtegg ctgggecgac cggetegeceyg tactgetege ggaccggege 120
ccegagggeg acttcacgta cacgaaccte geegtgegeyg gcaggctect cgaccagate 180
gtggcggaac aggtcccgeg ggtegtegga ctegegeceg acctegtete gttegeggeg 240
ggcggcaacyg acatcatcceg gcecceggcace gatccegacyg aggtcegecga geggttcegag 300
ctggeggtgg ccgegetgac cgccgeggee ggaaccgtece tggtgaccac cgggttcgac 360
acccgggggg tgccegtect caagcacctyg cgeggcaaga tcegecacgta caacgggcac 420
gteegegeca tegecgacceg ctacggetge ceggtgeteg acctgtggte getgeggage 480
gtecaggace gcagggcgtyg ggacgecgac cggctgcace tgtcegecgga ggggcacacce 540
cgggtggege tgcgegeggg gcaggecectyg ggectgegeyg tecceggcecga ccectgaccag 600
ceetggecge cectgecgee gegeggeacyg ctegacgtee ggegegacga cgtgcactgg 660
gegegegagt acctggtgee gtggatceggg cgcceggetge ggggcgagtce gtegggcegac 720
cacgtgacgg ccaaggggac gctgtegeceg gacgccatca agacgcggat cgcegeggtyg 780
gcctga 786
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<210> SEQ ID NO 57

<211> LENGTH: 783

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 57

atgcagacga accccgegta caccagtete gtegecgteg gegacteett caccgaggge
atgtcggacce tgctgeccga cggetectac cgtggetggg cegacctect cgecaccegg
atggcggece gecteeceegg cttecggtac gecaacctgg cggtgegegyg gaagetgate
ggacagatcg tcgacgagca ggtggacgtyg gccgecgeca tgggagecga cgtgatcacyg
ctggteggeg ggctcaacga cacgetgegg cccaagtgeg acatggecceg ggtgegggac
ctgctgacce aggccegtgga acggetegee cegeactgeg agcagetggt getgatgege
agtcceggte gccagggtee ggtgetggag cgetteegge cecgeatgga ggecctgtte
geegtgateg acgacctgge cgggceggcac ggcegcecegtgg tegtegacct gtacggggec
cagtcgetgg ccgacccteg gatgtgggac gtggacegge tgcacctgac cgecgaggge
caccgeeggyg tegeggagge ggtgtggeag tegeteggece acgageccega ggaccccgag
tggcacgege cgatccegge gacgecgecg ccggggtggg tgacgegeag gaccgeggac
gtceggtteg cceggcagea cectgetgece tggataggee geaggetgac cgggegeteg
tceggggacyg gectgeogge caagegeccg gacctgetge cctacgagga ccccgcacgg
tga

<210> SEQ ID NO 58

<211> LENGTH: 1365

<212> TYPE: DNA

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 58

atgacceggyg gtegtgacgg gggtgegggg gegeccecca ccaageacceg tgecctgete
geggegateg tcaccctgat agtggegatce tccegeggeca tatacgeegyg agegteegeg
gacgacggca gcagggacca cgcgctgcag gcceggaggee gteteccacyg aggagacgec
gecccegegt ccaceggtge ctgggtggge gectgggeca cegcaccgge cgeggecgag
cegggeacceyg agacgaccegg cctggeggge cgeteegtge gecaacgtegt gcacaccteg
gtcggeggea ccggegegeg gatcacccte tcgaacctgt acgggcagtce geegetgacce
gtcacacacg cctcgatcge cectggecgee gggeccgaca ccgecgecoge gatcgecgac
accatgecgee ggctcacctt cggeggcage geccgggtga tcatcecgge gggeggecag
gtgatgagcg acaccgeceg cctegecate cectacgggg cgaacgtect ggtcaccacyg
tactccceca tecegteegg gecggtgace taccateege aggeceggcea gaccagctac
ctggeegacyg gcgaccgeac ggcggacgte accgecgteg cgtacaccac ccccacgecce
tactggcget acctgaccge cctegacgtg ctgagecacg aggecgacgg cacggtegtg
gegtteggeg actccatcac cgacggegece cgctegcaga gcegacgccaa ccaccgetgg
accgacgtee tegeegeacg cctgcacgag geggegggeg acggeeggga cacgecccege
tacagcegtceg tcaacgaggg catcagegge aaccggetece tgaccageag geeggggegg

ceggecgaca acccgagegg actgageegg ttecageggg acgtgetgga acgcaccaac

gtcaaggcceg tcegtegtegt cecteggegte aacgacgtece tgaacagecce ggaactegec

60

120

180

240

300

360

420

480

540

600

660

720

780

783

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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gaccgcegacyg
ctgegggteg
cgcgagacga
gtegtegact
tacgacagcg

atcgacctygg

ccatcetgac

teggegecac

tgcggcagga

tcgacaagge

gegaccacct

cegegetgaa

<210> SEQ ID NO 59
<211> LENGTH: 1023

<212> TYPE:

DNA

cggectgege
gatcacgcceyg
ggtcaacgag
cctgegegac
gcacceegge

dggcgeggcey

accctegteg

ttceggegget

gagatccget

cegtacgace

gacaaggggt

ccggtcaagyg

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 59

atgacgagca

dgcggeggcea

ctggecagac

tacggeggea

tccacggecyg

tcegggeteg

gegtgetegg

ccecgacatcet

cgcteggtge

gtggtcggea

ctggeeegge

dgcgggegcea

gagctetteg

geggtactge

gacgcgctge

gaggcgggta

ctgaagegec

tga

tgtcgagggc

teggectgge

gcagggtggy

cecctgeccac

c¢cgggcaggy

cggeggtgge

acgacctgga

gegtgatcat

ggcacctgte

cctgtecgga

gggectcacy

cggtgteget

gecccgacaa

ccteggtgty

geegegagygy

cggaggtcgc

dgagacggcyg

<210> SEQ ID NO 60
<211> LENGTH: 918

<212> TYPE:

DNA

gagggtggcg
gggageggceg
ggtgggcacyg
ggceggegac
cgtgcacegyg
ggageggecg
ceggcaggty
ggteggegee
ctceggeggta
cctgggeacy
gcagctegeyg
gggcgaccty
ctaccaccce
cgecegegete
cttectgecey
cgecegecatyg

thggtgth

cggcggatcg

geggteggte

ccgaccegygy

cegecgetge

gccgggcaga

gtgcggetgg

gegetggtge

aacgacgtca

ngngCth

atcgagcggg

geggcacaga

ctgggtccgg

tcegecgagy

ggCCtgtggC

gtggegegeg

cctacgggge

daggcggaac

<213> ORGANISM: Streptomyces coelicolor

<400> SEQUENCE: 60

atgggtcgag

gecgeectga

gactcacccyg

accagccegg

geggtgetgt

tegetggecy

gtcaccgggg

ccggagctgg

ggacggacca

cegecgeagt

ctecetteegy

cgteegtege

cggactgece

tacggetget

cceggatgge

tggcggtgat

gcggacgegy

CCtgggCgtg

cagccegteg

CgCCgtgggC

ggaggtgtcg

dgggaaggcyg

ggacctgace

dgecggggcy

tacggcegte

ggcgtggegy

aagcggacga

gactccatca

tgggcgaccg

gacgceggcecyg

gctcaggtga

aacgacgegt

accgggcgca cgceccegggga

acggcggceta caccgaggec

ceggeegggt cttegacacy

cgegeeggat gegetcecgac

acgcgegeat gggegeggte

cgtag

cggccggcgce ggCgtangC

tggtggtggc cgaggtgcag

tgccgaacge gcagggactyg

ggctgatgat gctgggcegac

cgccgggcgce gCthtggCg

ggthgthC ccagccgggyg

tcgecgagee ggaccegggty

cccaccggat geeggegace

gcacggcegg tgcggaggtg

tgcggcagee getgegetygyg

ccatcggege cgtegageag

agttcgcgca gaacccgegyg

ggtacgccac ggccgegatg

cggecgacga ggagcacccg

cggcggcegga ggcggegtece

CthggggCC ctgggcgctg

cgtecagece gtceeggegtt

geegggegeyg tgtegegete

getgegacte cgtgggegge

ggacggegee cgectgggac

cgegeggett cgacgectgt

gcagcagege gaaggtcgac

agcacagctyg gaactacgeg

¢gegggeggce gcagegcegag

geeggtecac gaccteggeg

1080

1140

1200

1260

1320

1365

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1023

60

120

180

240

300

360

420

480
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atgacgccegg tggeggactt ccgggegeag ttegaggagyg cgatggecac cctgegcaag 540
aagctcccca aggcegcaggt gtacgtgteg agecatccegyg acctcaageyg gctcetggtcee 600
cagggccgcea ccaacccgcet gggcaagcag gtgtggaage teggectgtyg cccegtegatg 660
ctgggegacyg cggactcect ggacteggeg gegaccctge ggegcaacac ggtgegegac 720
cgggtggegyg actacaacga ggtgctgegg gaggtcetgeyg cgaaggaccyg gceggtgecge 780
agcgacgacg gcgceggtgca cgagttecgg tteggcacgyg accagttgag ccactgggac 840
tggtteccace cgagtgtgga cggccaggece cggetggegyg agatcgecta ccegegeggte 900
accgcgaaga atccctga 918
<210> SEQ ID NO 61
<211> LENGTH: 1068
<212> TYPE: DNA
<213> ORGANISM: Streptomyces rimosus
<400> SEQUENCE: 61
ttcatcacaa cgatgtcaca acaccggcca tcecgggtcat cectgategt gggaatgggt 60
gacaagcctt ccegtgacga aagggtcectg ctacatcaga aatgacagaa atcctgctca 120
gggaggttee atgagactgt cccgacgege ggccacggeg tecgegetec tectcaccee 180
ggegetegeyg ctetteggeg cgagegecge cgtgtecgeg cegcegaatcece aggecaccga 240
ctacgtggee cteggegact cctactecte gggggtegge gegggcaget acgacagcag 300
cagtggctee tgtaagcgca gcaccaagtce ctaccceggece ctgtgggecyg cctegeacac 360
cggtacgegg ttcaacttca ccgcctgtte gggegcecege acaggagacyg tgctggccaa 420
gcagctgace ccggtcaact ccggcaccga cctggtcage attaccatcg geggcaacga 480
cgegggette gecgacacca tgaccacctg caacctecag ggcgagageyg cgtgectgge 540
geggatcegece aaggcgcegeg cctacatcca gcagacgcetg cecgeccage tggaccaggt 600
ctacgacgee atcgacagcce gggcccecge ageccaggte gtegtectgyg gctaccegeg 660
cttctacaag ctgggeggca getgegecgt cggtetceteg gagaagtcecee gegeggecat 720
caacgccgee gcecgacgaca tcaacgecgt caccgccaag cgegecgecyg accacggcett 780
cgectteggg gacgtcaaca cgaccttege cgggcacgag ctgtgcteceg gegeccectyg 840
getgcacage gtcaccctte ccgtggagaa ctcectaccac cccacggeca acggacagtce 900
caagggctac ctgccegtcee tgaactecge cacctgatet cgeggctact ccgeccctga 960
cgaagtcceg ccceegggeyg gggcttegee gtaggtgege gtaccgeegt cgecegtege 1020
gcecggtggee ccgecgtacg tgcecgcecegece cccggacgeg gteggtte 1068
<210> SEQ ID NO 62
<211> LENGTH: 1008
<212> TYPE: DNA
<213> ORGANISM: Aeromonas hydrophila
<400> SEQUENCE: 62
atgaaaaaat ggtttgtgtg tttattggga ttggtcgege tgacagttca ggcagecgac 60
agtcgecceg cctttteccg gatcgtgatg tteggcgaca gectetcecga taccggcaaa 120
atgtacagca agatgcgegg ttaccteccee tecagcecege cctactatga gggeegttte 180
tccaacggac ccgtetggcet ggagcagetg accaaacagt tcecegggtet gaccatcgece 240
aacgaagcgg aaggceggtgce cactgeegtg gettacaaca agatctcectyg gaatcccaag 300
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tatcaggtca tcaacaacct ggactacgag gtcacccagt tcttgcagaa agacagcette 360
aagccggacg atctggtgat cctetgggte ggtgccaatg actatctgge ctatggetgg 420
aacacggagc aggatgccaa gcgggttege gatgccatca gegatgegge caaccgcatg 480
gtactgaacyg gtgccaagca gatactgcetg ttcaacctge cggatctggg ccagaacceyg 540
tcagectegea gtcagaaggt ggtcgaggeg gtcagccatyg tcetecgecta tcacaaccag 600
ctgctgetga acctggcacg ccagcetggece cecaccggea tggtaaaget gttcegagate 660
gacaagcaat ttgccgagat gctgegtgat ccgcagaact teggcectgag cgacgtcgag 720
aaccectget acgacggegg ctatgtgtgg aagecegtttyg ccacccgcag cgtcagcace 780
gaccgccage tcteegectt cagtccgcag gaacgecteg ccatcgecgg caacccgetyg 840
ctggcacagg ccgttgecag tcctatggece cgecgcageg ccagecccect caactgtgag 900
ggcaagatgt tctgggatca ggtacacccg accactgteg tgcacgcagce cctgagcgag 960
cgecgecgeca ccttcatege gaaccagtac gagttcecteg cccactga 1008
<210> SEQ ID NO 63
<211> LENGTH: 1011
<212> TYPE: DNA
<213> ORGANISM: Aeromonas salmonicida
<400> SEQUENCE: 63
atgaaaaaat ggtttgtttg tttattgggg ttgatcgege tgacagttca ggcagccgac 60
actcgecceg cctteteceg gatcgtgatg tteggcgaca gectetcecga taccggcaaa 120
atgtacagca agatgcgegg ttaccteccee tecagcecege cctactatga gggeegttte 180
tccaacggac ccgtetggcet ggagcagetg accaagcagt tcecegggtet gaccatcgece 240
aacgaagcgg aaggceggtgce cactgeegtg gettacaaca agatctcectyg gaatcccaag 300
tatcaggtca tcaacaacct ggactacgag gtcacccagt tcttgcagaa agacagcette 360
aagccggacg atctggtgat cctetgggte ggtgccaatg actatctgge atatggetgg 420
aatacggagc aggatgccaa gcgagttcege gatgccatca gegatgegge caaccgcatg 480
gtactgaacyg gtgccaagca gatactgcetg ttcaacctge cggatctggg ccagaacceyg 540
tcagecccgca gtcagaaggt ggtcgaggeg gtcagccatyg tcetecgecta tcacaacaag 600
ctgctgetga acctggcacg ccagcetggece cecaccggea tggtaaaget gttcegagate 660
gacaagcaat ttgccgagat gctgegtgat ccgcagaact teggcectgag cgacgtcgag 720
aaccectget acgacggegg ctatgtgtgg aagecegtttyg ccacccgcag cgtcagcace 780
gaccgccage tcteegectt cagtccgcag gaacgecteg ccatcgecgg caacccgetyg 840
ctggcacagg ccgttgecag tcctatggece cgecgcageg ccagecccect caactgtgag 900
ggcaagatgt tctgggatca ggtacacccg accactgteg tgcacgcagce cctgagcgag 960
cgecgecgeca ccttcatcga gacccagtac gagttcecteg cccacggatg a 1011
<210> SEQ ID NO 64
<211> LENGTH: 51
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Terminator sequence
<400> SEQUENCE: 64
cgggacttac cgaaagaaac catcaatgat ggtttcetttt ttgttcataa a 51
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-continued

<210> SEQ ID NO 65

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Terminator sequence

<400> SEQUENCE: 65

caagactaaa gaccgttege cegtttttge aataageggg cgaatcttac ataaaaata 59

<210> SEQ ID NO 66

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Terminator sequence

<400> SEQUENCE: 66

acggccgtta gatgtgacag cccgttccaa aaggaagcegg gctgtctteg tgtattattg 60
t 61
<210> SEQ ID NO 67

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Terminator sequence

<400> SEQUENCE: 67

tcttttaaag gaaaggctgg aatgcccgge attccagcca catgatcatc gttt 54
<210> SEQ ID NO 68

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: Aeromonas salmonicida

<400> SEQUENCE: 68

Ala Asp Thr Arg Pro Ala Phe Ser Arg Ile Val Met Phe Gly Asp Ser
1 5 10 15

Leu Ser Asp Thr Gly Lys Met Tyr Ser Lys Met Arg Gly Tyr Leu Pro
20 25 30

Ser Ser Pro Pro Tyr Tyr Glu Gly Arg Phe Ser Asn Gly Pro Val Trp
35 40 45

Leu Glu Gln Leu Thr Lys Gln Phe Pro Gly Leu Thr Ile Ala Asn Glu
50 55 60

Ala Glu Gly Gly Ala Thr Ala Val Ala Tyr Asn Lys Ile Ser Trp Asp
65 70 75 80

Pro Lys Tyr Gln Val Ile Asn Asn Leu Asp Tyr Glu Val Thr Gln Phe
85 90 95

Leu Gln Lys Asp Ser Phe Lys Pro Asp Asp Leu Val Ile Leu Trp Val
100 105 110

Gly Ala Asn Asp Tyr Leu Ala Tyr Gly Trp Asn Thr Glu Gln Asp Ala
115 120 125

Lys Arg Val Arg Asp Ala Ile Ser Asp Ala Ala Asn Arg Met Val Leu
130 135 140

Asn Gly Ala Lys Gln Ile Leu Leu Phe Asn Leu Pro Asp Leu Gly Gln
145 150 155 160

Asn Pro Ser Ala Arg Ser Gln Lys Val Val Glu Ala Val Ser His Val
165 170 175

Ser Ala Tyr His Asn Lys Leu Leu Leu Asn Leu Ala Arg Gln Leu Ala
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-continued

220

180 185 190

Pro Thr Gly Met Val Lys Leu Phe Glu Ile Asp Lys Gln Phe Ala Glu
195 200 205

Met Leu Arg Asp Pro Gln Asn Phe Gly Leu Ser Asp Val Glu Asn Pro
210 215 220

Cys Tyr Asp Gly Gly Tyr Val Trp Lys Pro Phe Arg Ser Ala Ser Pro
225 230 235 240

Leu Asn Cys Glu Gly Lys Met Phe Trp Asp Gln Val His Pro Thr Thr
245 250 255

Val Val His Ala Ala Leu Ser Glu Arg Ala Ala Thr Phe Ile Glu Thr
260 265 270

Gln Tyr Glu Phe Leu Ala His Gly
275 280

<210> SEQ ID NO 69

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide primer

<400> SEQUENCE: 69
ccecegetega ggettttett ttggaagaaa atatagggaa aatggtactt gttaaaaatt

cggaatattt atacaatatc atatgtttca cattgaaagg gg

<210> SEQ ID NO 70

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide primer

<400> SEQUENCE: 70

tggaatctcg aggttttate ctttaccttg tctece

<210> SEQ ID NO 71

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 71

Met Arg Arg Ser Arg Phe Leu Ala
1 5

<210> SEQ ID NO 72

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 72

Ala Leu Ile Leu Leu Thr Leu Ala
1 5

<210> SEQ ID NO 73

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

60

102

35
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-continued

<400> SEQUENCE: 73

Ala Arg Ala Ala Pro
1 5

<210> SEQ ID NO 74

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 74

Tyr Val Ala Leu Gly Asp Ser Tyr Ser Ser Gly
1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 75

Gly Ala Gly Ser Tyr
1 5

<210> SEQ ID NO 76

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 76

Ser Ser Gly Asp
1

<210> SEQ ID NO 77

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 77

Arg Ser Thr Lys Ala Tyr Pro Ala Leu Trp Ala Ala Ala His Ala
1 5 10 15

<210> SEQ ID NO 78

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 78

Ser Ser Phe Ser Phe
1 5

<210> SEQ ID NO 79

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
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<400> SEQUENCE: 79

Ala Cys Ser Gly Ala Arg Thr Tyr Asp Val Leu Ala
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 80

Leu Val Ser Ile Thr Ile Gly Gly Asn Asp Ala Gly Phe Ala Asp
1 5 10 15

<210> SEQ ID NO 81

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 81

Met Thr Thr Cys Val Leu
1 5

<210> SEQ ID NO 82

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 82

Ser Asp Ser Ala Cys Leu
1 5

<210> SEQ ID NO 83

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 83

Thr Leu Pro Ala
1

<210> SEQ ID NO 84

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 84

Arg Leu Asp Ser Val Tyr Ser Ala Ile
1 5

<210> SEQ ID NO 85

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 85
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-continued

226

Thr Arg Ala Pro
1

<210> SEQ ID NO 86

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 86

Ala Arg Val Val Val Leu Gly Tyr Pro Arg Ile Tyr
1 5 10

<210> SEQ ID NO 87

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 87

Leu Gly Leu Ser
1

<210> SEQ ID NO 88

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 88

Thr Lys Arg Ala Ala Ile Asn Asp Ala Ala Asp
1 5 10

<210> SEQ ID NO 89

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 89

Leu Asn Ser Val Ile Ala Lys Arg Ala Ala Asp His
1 5 10

<210> SEQ ID NO 90

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 90

Gly Phe Thr Phe Gly Asp Val
1 5

<210> SEQ ID NO 91

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 91
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228

Gly His Glu Leu Cys Ser Ala
1 5

<210> SEQ ID NO 92

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 92

Pro Trp Leu His Ser Leu Thr Leu Pro

1 5

<210> SEQ ID NO 93

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 93

Ser Tyr His Pro Thr Ala
1 5

<210> SEQ ID NO 94

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 94
Gly His Ala Ala Gly Tyr Leu
1 5

<210> SEQ ID NO 95

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Aspergillus
<400> SEQUENCE: 95

Thr Thr Val Tyr Leu Ala Gly
1 5

Gly Ser Gly Thr Asn Gly Trp
20

Ala Thr Val Val Asn Asp Ala
35

Thr Arg Glu Gly Arg Phe Glu

Asp Tyr Val Ile Val Glu Phe
65 70

Thr Asp Asn Gly Arg Thr Asp
Tyr Ser Val Tyr Asp Gly Val
100

Tyr Leu Glu Asn Ala Ala Lys
115

Ile Leu Ser Ser Gln Thr Pro
130 135

Val Asn Ser Pro Thr Arg Phe
145 150

Pro Val Leu Asn Ser Ile

10

aculeatus

Asp

Gly

Val

40

Asn

Gly

Cys

Asn

Leu
120

Asn

Val

Ser

Glu

25

Ala

Ile

His

Ser

Glu

105

Phe

Asn

Glu

Thr

10

Tyr

Gly

Ala

Asn

Gly

90

Thr

Thr

Pro

Tyr

Met

Leu

Arg

Asp

Asp

75

Thr

Ile

Ala

Trp

Ala
155

Ala

Ala

Ser

Val

60

Gly

Gly

Leu

Lys

Glu

140

Glu

Lys

Ser

Ala

45

Val

Gly

Ala

Thr

Gly
125

Thr

Leu

Asn

Tyr

30

Arg

Thr

Ser

Glu

Phe

110

Ala

Gly

Ala

Gly

15

Leu

Ser

Ala

Leu

Val

95

Pro

Lys

Thr

Ala

Gly

Ser

Tyr

Gly

Ser

80

Cys

Ala

Val

Phe

Glu
160
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Leu

Thr
225

<210>
<211>
<212>
<213>

<400>

Ala

1

Met

Ser

Gln

Trp

Pro

Ala

Tyr

Ala

Tyr

145

Asp

Leu

Ala

Glu

Thr

Lys

210

Thr

Gly

Thr

His

195

Ala

Ser

Val

Leu

180

Thr

Val

Phe

PRT

SEQUENCE :

Asp Thr Leu

Ser

Lys

Gly

50

Val

Gln

Ala

Gly

Lys

130

Leu

Ala

Val

Ala

Thr

35

Leu

Leu

Gln

Asn

Arg

115

Glu

Lys

Gln

Asn

Ser

20

Ser

Ala

Val

Thr

Ala

100

Arg

Phe

Pro

Pro

His
180

Glu Tyr Val Asp His Trp
165 170

Gly Asn Ala Thr Val Asn
185

Ser Pro Ala Gly Ala Glu
200

Val Cys Thr Gly Thr Ser
215

Glu Gly Thr Cys
230

SEQ ID NO 96
LENGTH:
TYPE :
ORGANISM:

184

Escherichia coli

96

Leu Ile Leu Gly Asp Ser

Ala Ala Trp Pro Ala Leu
25

Val Val Asn Ala Ser Ile
40

Arg Leu Pro Ala Leu Leu
55

Glu Leu Gly Gly Asn Asp
70

Glu Gln Thr Leu Arg Gln
85 90

Glu Pro Leu Leu Met Gln
105

Tyr Asn Glu Ala Phe Ser
120

Asp Val Pro Leu Leu Pro
135

Gln Trp Met Gln Asp Asp
150

Phe Ile Ala Asp Trp Met
165 170

Asp Ser Leu Glu

<210> SEQ ID NO 97

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ile
1
Lys

Phe

Gly

Val Met Phe

Met Arg Gly

20

Ser Asn Gly

35

Leu Thr Ile

50

308

Aeromonas hydrophila
97

Gly Asp Ser Leu Ser Asp
5 10

Tyr Leu Pro Ser Ser Pro
25

Pro Val Trp Leu Glu Gln
40

Ala Asn Glu Ala Glu Gly
55

Ser

Ser

Val

Leu

Leu

Leu

Ser

Lys

Gly

Ile

Ile

Ala

Phe

Gly

155

Ala

Thr

Pro

Leu

Gly

Tyr

Tyr

Val

Lys
220

Ser

Asn

Gly

Gln

60

Leu

Leu

Arg

Ile

Phe

140

Ile

Lys

Gly

Tyr

Thr

Pro
60

Val

Phe

Ala

205

Ser

Ala

Asp

Asp

45

His

Arg

Gln

Leu

Tyr

125

Met

His

Gln

Lys

Tyr

Asn

45

Thr

Asp
Pro
190

Glu

Val

Gly

Lys

30

Thr

Gln

Gly

Asp

Pro

110

Pro

Glu

Pro

Leu

Met
Glu
30

Glu

Ala

Ser
175
Ile

Ala

Leu

Tyr

15

Trp

Ser

Pro

Phe

Val

95

Ala

Lys

Glu

Asn

Gln
175

Tyr
15
Gly

Phe

Val

Ile

Asp

Phe

Thr

Arg

Gln

Gln

Arg

Gln

80

Lys

Asn

Leu

Val

Arg

160

Pro

Ser

Arg

Pro

Ala
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Tyr

65

Asp

Asp

Trp

Ala

Asn

145

Asn

Ile

Leu

Pro

225

Asn

Ala

Glu

Ala

Phe
305

Asn

Tyr

Leu

Asn

Ala

130

Leu

Glu

Leu

Asp

Ser

210

Phe

Pro

Val

Gly

Ala

290

Leu

Lys

Glu

Val

Thr

115

Asn

Pro

Ala

Ala

Lys

195

Asp

Ala

Gln

Ala

Lys

275

Leu

Ala

Ile

Val

Ile

100

Glu

Arg

Asp

Ala

Arg

180

Gln

Gln

Ser

Glu

Ser

260

Met

Ser

His

Ser Trp Asn
Thr Gln Phe
85

Leu Trp Val

Gln Asp Ala

Met Val Leu

135

Leu Gly Gln
150

Ser His Val
165

Gln Leu Ala

Phe Ala Glu

Arg Asn Ala

215

Arg Ser Ala
230

Arg Leu Ala
245

Pro Met Ala

Phe Trp Asp

Glu Pro Ala
295

<210> SEQ ID NO 98

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ser

Ala

65

Thr

Ala

Arg

Leu

Ala

Val

Arg

50

Glu

Glu

Glu

Tyr

Ile

Ala

Val

35

Leu

Leu

Gln

Pro

Asn

Leu

Trp

20

Asn

Pro

Gly

Thr

Leu

100

Glu

167

Escherichia
98

Gly Asp Ser

Pro Ala Leu

Ala Ser Ile

Ala Leu Leu
55

Gly Asn Asp
70

Leu Arg Gln
85

Leu Met Gln

Ala Phe Ser

Pro Lys

Leu Gln

Gly Ala
105

Lys Arg
120

Asn Gly

Asn Pro

Ser Ala

Pro Thr
185

Met Leu
200

Cys Tyr

Ser Thr

Ile Ala

Ala Arg
265

Gln Val
280

Ala Thr

coli

Leu Ser

Leu Asn
25

Ser Gly
40

Lys Gln

Gly Leu

Ile Leu

Ile Arg

105

Ala Ile

Tyr

Lys

90

Asn

Val

Ala

Ser

Tyr

170

Gly

Arg

Gly

Asp

Gly

250

Ser

His

Phe

Ala

Asp

Asp

His

Arg

Gln

90

Leu

Tyr

Gln

75

Asp

Asp

Arg

Lys

Ala

155

His

Met

Asp

Gly

Ser

235

Asn

Ala

Pro

Ile

Gly

Lys

Thr

Gln

Gly

75

Asp

Pro

Pro

Val

Ser

Tyr

Asp

Glu

140

Arg

Asn

Val

Pro

Ser

220

Gln

Pro

Ser

Thr

Glu
300

Tyr

Trp

Ser

Pro

60

Phe

Val

Ala

Lys

Ile

Phe

Leu

Ala

125

Ile

Ser

Gln

Lys

Gln

205

Tyr

Leu

Leu

Thr

Thr

285

Ser

Arg

Gln

Gln

45

Arg

Gln

Lys

Asn

Leu

Asn

Lys

Ala

110

Ile

Leu

Gln

Leu

Leu

190

Asn

Val

Ser

Leu

Leu

270

Val

Gln

Met

Ser

30

Gln

Trp

Pro

Ala

Tyr

110

Ala

Asn

Pro

95

Tyr

Ser

Leu

Lys

Leu

175

Phe

Phe

Trp

Ala

Ala

255

Asn

Val

Tyr

Ser

15

Lys

Gly

Val

Gln

Ala

95

Gly

Lys

Leu

80

Asp

Gly

Asp

Phe

Val

160

Leu

Glu

Gly

Lys

Phe

240

Gln

Cys

His

Glu

Ala

Thr

Leu

Leu

Gln

80

Asn

Arg

Glu
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234

Phe

145

Pro

115

120

Asp Val Pro Leu Leu Pro Phe Phe Met Glu

130

135

Gln Trp Met Gln Asp Asp Gly Ile His Pro

150

Phe Ile Ala Asp Trp Met

165

<210> SEQ ID NO 99

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ile

1

Lys

Phe

Gly

Tyr

65

Asp

Asp

Trp

Ala

Asn

145

Asn

Ile

Leu

Pro

225

Asn

Ala

Glu

Ala

Val

Met

Ser

Leu

50

Asn

Tyr

Leu

Asn

Ala

130

Leu

Glu

Leu

Asp

Ser

210

Phe

Pro

Val

Gly

Ala
290

Met

Arg

Asn

35

Thr

Lys

Glu

Val

Thr

115

Asn

Pro

Ala

Ala

Lys

195

Asp

Ala

Gln

Ala

Lys
275

Leu

Phe

Gly

20

Gly

Ile

Ile

Val

Ile

100

Glu

Arg

Asp

Ala

Arg

180

Gln

Gln

Ser

Glu

Ser
260

Met

Ser

295

Aeromonas hydrophila

99

Gly

Tyr

Pro

Ala

Ser

Thr

85

Leu

Gln

Met

Leu

Ser

165

Gln

Phe

Arg

Arg

Arg

245

Pro

Phe

Glu

<210> SEQ ID NO 100

<211> LENGTH:

335

Asp

Leu

Val

Asn

Trp

70

Gln

Trp

Asp

Val

Gly

150

His

Leu

Ala

Asn

Ser

230

Leu

Met

Trp

Pro

Ser

Pro

Trp

Glu

55

Asn

Phe

Val

Ala

Leu

135

Gln

Val

Ala

Glu

Ala

215

Ala

Ala

Ala

Asp

Ala
295

Leu

Ser

Leu

40

Ala

Pro

Leu

Gly

Lys

120

Asn

Asn

Ser

Pro

Met

200

Cys

Ser

Ile

Ala

Gln
280

Ser

Ser

25

Glu

Glu

Lys

Gln

Ala

105

Arg

Gly

Pro

Ala

Thr

185

Leu

Tyr

Thr

Ala

Arg
265

Val

155

Asp Thr
10

Pro Pro

Gln Leu

Gly Gly

Tyr Gln
75

Lys Asp
90

Asn Asp

Val Arg

Ala Lys

Ser Ala
155

Tyr His
170

Gly Met

Arg Asp

Gly Gly

Asp Ser

235

Gly Asn
250

Ser Ala

His Pro

125

Glu Val Tyr Leu Lys

140

Asn Arg Asp Ala Gln

Gly

Tyr

Thr

Pro

60

Val

Ser

Tyr

Asp

Glu

140

Arg

Asn

Val

Pro

Ser

220

Gln

Pro

Ser

Thr

Lys

Tyr

Asn

45

Thr

Ile

Phe

Leu

Ala

125

Ile

Ser

Gln

Lys

Gln

205

Tyr

Leu

Leu

Thr

Thr
285

Met

Glu

30

Glu

Ala

Asn

Lys

Ala

110

Ile

Leu

Gln

Leu

Leu

190

Asn

Val

Ser

Leu

Leu
270

Val

Tyr

15

Gly

Phe

Val

Asn

Pro

95

Tyr

Ser

Leu

Lys

Leu

175

Phe

Phe

Trp

Ala

Ala
255

Asn

Val

160

Ser

Arg

Pro

Ala

Leu

80

Asp

Gly

Asp

Phe

Val

160

Leu

Glu

Gly

Lys

Phe

240

Gln

Cys

His
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-continued

236

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Gln

Asp

Leu

65

Asn

Trp

Gln

Trp

Asp
145

Leu

Ala

225

Asn

Ser

Leu

Met

Trp

305

Pro

Lys

Ala

Ser

Pro

50

Trp

Glu

Asn

Phe

Val

130

Ala

Leu

Gln

Val

Ala

210

Glu

Ala

Ala

Ala

Ala

290

Asp

Ala

Lys

Ala

Leu

35

Ser

Leu

Ala

Pro

Leu

115

Gly

Lys

Asn

Asn

Ser

195

Pro

Met

Cys

Ser

Ile

275

Ala

Gln

Ala

Trp

Asp

20

Ser

Ser

Glu

Glu

Lys

100

Gln

Ala

Arg

Gly

Pro

180

Ala

Thr

Leu

Tyr

Thr

260

Ala

Arg

Val

Thr

Aeromonas hydrophila

100

Phe

5

Ser

Asp

Pro

Gln

Gly

85

Tyr

Lys

Asn

Val

Ala

165

Ser

Tyr

Gly

Arg

Gly

245

Asp

Gly

Ser

His

Phe
325

<210> SEQ ID NO 101

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aeromonas salmonicida

PRT

<400> SEQUENCE:

318

101

Val

Arg

Thr

Pro

Leu

70

Gly

Gln

Asp

Asp

Arg

150

Lys

Ala

His

Met

Asp

230

Gly

Ser

Asn

Ala

Pro

310

Ile

Cys

Pro

Gly

Tyr

55

Thr

Pro

Val

Ser

Tyr

135

Asp

Glu

Arg

Asn

Val

215

Pro

Ser

Gln

Pro

Ser

295

Thr

Glu

Leu

Ala

Lys

40

Tyr

Asn

Thr

Ile

Phe

120

Leu

Ala

Ile

Ser

Gln

200

Lys

Gln

Tyr

Leu

Leu

280

Thr

Thr

Ser

Leu

Phe

25

Met

Glu

Glu

Ala

Asn

105

Lys

Ala

Ile

Leu

Gln

185

Leu

Leu

Asn

Val

Ser

265

Leu

Leu

Val

Gln

Gly

10

Ser

Tyr

Gly

Phe

Val

90

Asn

Pro

Tyr

Ser

Leu

170

Lys

Leu

Phe

Phe

Trp

250

Ala

Ala

Asn

Val

Tyr
330

Leu Val

Arg Ile

Ser Lys

Arg Phe
60

Pro Gly
75

Ala Tyr

Leu Asp

Asp Asp

Gly Trp

140

Asp Ala
155

Phe Asn

Val Val

Leu Asn

Glu Ile
220

Gly Leu
235

Lys Pro

Phe Asn

Gln Ala

Cys Glu
300

His Ala
315

Glu Phe

Ala

Val

Met

45

Ser

Leu

Asn

Tyr

Leu

125

Asn

Ala

Leu

Glu

Leu

205

Asp

Ser

Phe

Pro

Val

285

Gly

Ala

Leu

Leu

Met

30

Arg

Asn

Thr

Lys

Glu

110

Val

Thr

Asn

Pro

Ala

190

Ala

Lys

Asp

Ala

Gln

270

Ala

Lys

Leu

Ala

Thr

15

Phe

Gly

Gly

Ile

Ile

95

Val

Ile

Glu

Arg

Asp

175

Ala

Arg

Gln

Gln

Ser

255

Glu

Ser

Met

Ser

His
335

Val

Gly

Tyr

Pro

Ala

80

Ser

Thr

Leu

Gln

Met

160

Leu

Ser

Gln

Phe

Arg

240

Arg

Arg

Pro

Phe

Glu
320

Ala Asp Thr Arg Pro Ala Phe Ser Arg Ile Val Met Phe Gly Asp Ser

1

5

10

15
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-continued

238

Leu

Ser

Leu

Ala

65

Pro

Leu

Gly

Lys

Asn

145

Asn

Ser

Pro

Met

Cys

225

Ser

Ile

Arg

Gln

Ala
305

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Arg

1

Thr

Pro

Leu

Ser

Ser

Glu

50

Glu

Lys

Gln

Ala

Arg

130

Gly

Pro

Ala

Thr

Leu

210

Tyr

Thr

Ala

Arg

Val

290

Thr

Pro

Gly

Tyr

Thr
50

Asp

Pro

35

Gln

Gly

Tyr

Lys

Asn

115

Val

Ala

Ser

Tyr

Gly

195

Arg

Asp

Asp

Gly

Ser

275

His

Phe

Thr

20

Pro

Leu

Gly

Gln

Asp

100

Asp

Arg

Lys

Ala

His

180

Met

Asp

Gly

Arg

Asn

260

Ala

Pro

Ile

PRT

SEQUENCE :

50

Gly

Tyr

Thr

Ala

Val

85

Ser

Tyr

Asp

Gln

Arg

165

Asn

Val

Pro

Gly

Gln

245

Pro

Ser

Thr

Glu

SEQ ID NO 102
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Consensus sequence

102

Lys

Tyr

Lys

Thr

70

Tyr

Phe

Leu

Ala

Ile

150

Ser

Lys

Lys

Gln

Tyr

230

Leu

Leu

Pro

Thr

Thr
310

Met

Glu

Gln

55

Ala

Asn

Lys

Ala

Ile

135

Leu

Gln

Leu

Leu

Asn

215

Val

Ser

Leu

Leu

Val

295

Gln

Tyr

Gly

40

Phe

Val

Asn

Pro

Tyr

120

Ser

Leu

Lys

Leu

Phe

200

Phe

Trp

Ala

Ala

Asn

280

Val

Tyr

Ser

25

Arg

Pro

Ala

Leu

Asp

105

Gly

Asp

Phe

Val

Leu

185

Glu

Gly

Lys

Phe

Gln

265

Cys

His

Glu

Lys

Phe

Gly

Tyr

Asp

Asp

Trp

Ala

Asn

Val

170

Asn

Ile

Leu

Pro

Ser

250

Ala

Glu

Ala

Phe

Met

Ser

Leu

Asn

75

Tyr

Leu

Asn

Ala

Leu

155

Glu

Leu

Asp

Ser

Phe

235

Pro

Val

Gly

Ala

Leu
315

Arg Gly
Asn Gly
45

Thr Ile
60

Lys Ile

Glu Val

Val Ile

Thr Glu
125

Asn Arg
140

Pro Asp

Ala Val

Ala Arg

Lys Gln
205

Asp Val
220

Ala Thr

Gln Glu

Ala Ser

Lys Met
285

Leu Ser
300

Ala His

Ala Phe Ser Arg Ile Val Met Phe Gly Asp Ser

5

10

Lys Met Tyr Ser Lys Met Arg Gly Tyr Leu Pro

20

25

Tyr Glu Gly Arg Phe Ser Asn Gly Pro Val Trp

35

40

45

Tyr

30

Pro

Ala

Ser

Thr

Leu

110

Gln

Met

Leu

Ser

Gln

190

Phe

Glu

Arg

Arg

Pro

270

Phe

Glu

Gly

Leu

Ser
30

Leu

Leu

Val

Asn

Trp

Gln

95

Trp

Asp

Val

Gly

His

175

Leu

Ala

Asn

Ser

Leu

255

Met

Trp

Arg

Ser
15

Ser

Glu

Pro

Trp

Glu

Asn

80

Phe

Val

Ala

Leu

Gln

160

Val

Ala

Glu

Pro

Val

240

Ala

Ala

Asp

Ala

Asp

Pro

Gln



US 9,228,211 B2
239 240

-continued

<210> SEQ ID NO 103

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 103

Phe Pro Gly Leu Thr Ile Ala Asn Glu Ala Glu Gly Gly
1 5 10

<210> SEQ ID NO 104

<211> LENGTH: 79

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 104

Thr Ala Val Ala Tyr Asn Lys Ile Ser Trp Asn Pro Lys Tyr Gln Val
1 5 10 15

Ile Asn Asn Leu Asp Tyr Glu Val Thr Gln Phe Leu Gln Lys Asp Ser
20 25 30

Phe Lys Pro Asp Asp Leu Val Ile Leu Trp Val Gly Ala Asn Asp Tyr
35 40 45

Leu Ala Tyr Gly Trp Asn Thr Glu Gln Asp Ala Lys Arg Val Arg Asp
50 55 60

Ala Ile Ser Asp Ala Ala Asn Arg Met Val Leu Asn Gly Ala Lys
65 70 75

<210> SEQ ID NO 105

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 105

Ile Leu Leu Phe Asn Leu Pro Asp Leu Gly Gln Asn Pro Ser Ala Arg
1 5 10 15

Ser Gln Lys Val Val Glu Ala
20

<210> SEQ ID NO 106

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 106

Ser His Val Ser Ala Tyr His Asn
1 5

<210> SEQ ID NO 107

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 107

Leu Leu Leu Asn Leu Ala Arg Gln Leu Ala Pro Thr Gly Met Val Lys
1 5 10 15



US 9,228,211 B2
241 242

-continued

Leu Phe Glu Ile Asp Lys Gln Phe Ala Glu Met Leu Arg Asp Pro Gln
20 25 30

Asn Phe Gly Leu Ser Asp
35

<210> SEQ ID NO 108

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 108

Tyr Val Trp Lys Pro Phe Ala
1 5

<210> SEQ ID NO 109

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 109

Gln Leu Ser Ala Phe
1 5

<210> SEQ ID NO 110

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 110

Pro Gln Glu Arg Leu Ala Ile Ala Gly Asn Pro Leu Leu Ala Gln Ala
1 5 10 15

Val Ala Ser Pro Met Ala
20

<210> SEQ ID NO 111

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 111

Arg Ser Ala Ser
1

<210> SEQ ID NO 112

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 112

Leu Asn Cys Glu Gly Lys Met Phe Trp Asp Gln Val His Pro Thr Thr
1 5 10 15

Val Val His Ala Ala Leu Ser Glu
20



US 9,228,211 B2
243 244

-continued

<210> SEQ ID NO 113

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 113

Ala Ala Thr Phe Ile
1 5

<210> SEQ ID NO 114

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence

<400> SEQUENCE: 114

Gln Tyr Glu Phe Leu Ala His
1 5

<210> SEQ ID NO 115

<211> LENGTH: 1225

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Xhol insert containing the LAT-KLM3' precursor
gene

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (101)..(1144)

<400> SEQUENCE: 115

gettttettt tggaagaaaa tatagggaaa atggtacttg ttaaaaattc ggaatattta 60
tacaatatca tatgtttcac attgaaaggg gaggagaatc atg aaa caa caa aaa 115
Met Lys Gln Gln Lys
1 5
cgg ctt tac gcc cga ttg ctg acg ctg tta ttt geg ctc atc tte ttg 163
Arg Leu Tyr Ala Arg Leu Leu Thr Leu Leu Phe Ala Leu Ile Phe Leu
10 15 20
ctg cct cat tct gca gct tca gca gca gat aca aga ccg gcg ttt agce 211
Leu Pro His Ser Ala Ala Ser Ala Ala Asp Thr Arg Pro Ala Phe Ser
25 30 35
cgg atc gtc atg ttt gga gat agc ctg agc gat acg ggc aaa atg tat 259
Arg Ile Val Met Phe Gly Asp Ser Leu Ser Asp Thr Gly Lys Met Tyr
40 45 50
agc aaa atg aga ggc tat ctt cecg tca age cecg ceg tat tat gaa ggce 307
Ser Lys Met Arg Gly Tyr Leu Pro Ser Ser Pro Pro Tyr Tyr Glu Gly
55 60 65
cge ttt agc aat gga ccg gtc tgg ctg gaa caa ctg acg aaa caa ttt 355
Arg Phe Ser Asn Gly Pro Val Trp Leu Glu Gln Leu Thr Lys Gln Phe
70 75 80 85
ceg gga ctg acg atc get aat gaa gca gaa gga gga gca aca gcg gtc 403
Pro Gly Leu Thr Ile Ala Asn Glu Ala Glu Gly Gly Ala Thr Ala Val
90 95 100
gee tat aac aaa atc age tgg gac ccg aaa tat cag gtc atc aac aac 451
Ala Tyr Asn Lys Ile Ser Trp Asp Pro Lys Tyr Gln Val Ile Asn Asn
105 110 115
ctg gac tat gaa gtc aca cag ttt ctt cag aaa gac agc ttt aaa ccg 499
Leu Asp Tyr Glu Val Thr Gln Phe Leu Gln Lys Asp Ser Phe Lys Pro
120 125 130
gat gat ctg gtc atc ctt tgg gtc ggc gcc aat gat tat ctg gcg tat 547

Asp Asp Leu Val Ile Leu Trp Val Gly Ala Asn Asp Tyr Leu Ala Tyr
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246

-continued
135 140 145
gge tgg aac aca gaa caa gat gcc aaa aga gtc aga gat gcc atc age 595
Gly Trp Asn Thr Glu Gln Asp Ala Lys Arg Val Arg Asp Ala Ile Ser
150 155 160 165
gat gcc get aat aga atg gte ctg aac ggce gcec aaa caa atc ctg ctg 643
Asp Ala Ala Asn Arg Met Val Leu Asn Gly Ala Lys Gln Ile Leu Leu
170 175 180
ttt aac ctg ccg gat ctg gga caa aat ccg age gcec aga agce caa aaa 691
Phe Asn Leu Pro Asp Leu Gly Gln Asn Pro Ser Ala Arg Ser Gln Lys
185 190 195
gte gtce gaa gca gtc age cat gtc age gee tat cat aac aaa ctg ctg 739
Val Val Glu Ala Val Ser His Val Ser Ala Tyr His Asn Lys Leu Leu
200 205 210
ctg aac ctg gca aga caa ttg gca ccg acg gga atg gtt aaa ttg ttt 787
Leu Asn Leu Ala Arg Gln Leu Ala Pro Thr Gly Met Val Lys Leu Phe
215 220 225
gaa att gac aaa cag ttt gcc gaa atg ctg aga gat ccg caa aat ttt 835
Glu Ile Asp Lys Gln Phe Ala Glu Met Leu Arg Asp Pro Gln Asn Phe
230 235 240 245
ggc ctg agc gat gtc gaa aac c¢cg tgce tat gat ggc gga tat gtc tgg 883
Gly Leu Ser Asp Val Glu Asn Pro Cys Tyr Asp Gly Gly Tyr Val Trp
250 255 260
aaa ccg ttt gcoc aca aga agc gtc age acg gat aga caa ctg tca gcg 931
Lys Pro Phe Ala Thr Arg Ser Val Ser Thr Asp Arg Gln Leu Ser Ala
265 270 275
ttt agc ccyg caa gaa aga ctg gca atc gcc gga aat ccg ctt ttg gca 979
Phe Ser Pro Gln Glu Arg Leu Ala Ile Ala Gly Asn Pro Leu Leu Ala
280 285 290
caa gca dgtt gct tca ccg atg gca aga aga tca gca agc ccg ctg aat 1027
Gln Ala Val Ala Ser Pro Met Ala Arg Arg Ser Ala Ser Pro Leu Asn
295 300 305
tgc gaa ggc aaa atg ttt tgg gat cag gtc cat ccg aca aca gtt gtc 1075
Cys Glu Gly Lys Met Phe Trp Asp Gln Val His Pro Thr Thr Val Val
310 315 320 325
cat gct gcc ctt tca gaa aga gcg gcg acg ttt atc gaa aca cag tat 1123
His Ala Ala Leu Ser Glu Arg Ala Ala Thr Phe Ile Glu Thr Gln Tyr
330 335 340
gaa ttt ctg gcc cat ggc tga gttaacagag gacggatttc ctgaaggaaa 1174
Glu Phe Leu Ala His Gly
345
tcegtttttt tattttaage ttggagacaa ggtaaaggat aaaacctcga g 1225

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Ala

Arg

Thr

Pro

Lys

Leu

Pro

Gly

50

Tyr

Gln

Ile

Ala

35

Lys

Tyr

Gln

Phe

20

Phe

Met

Glu

SEQ ID NO 116
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

347

116
Lys

5

Leu

Ser

Tyr

Gly

Arg

Leu

Arg

Ser

Arg

Synthetic Construct

Leu

Pro

Ile

Lys

55

Phe

Tyr

His

Val

40

Met

Ser

Ala

Ser

25

Met

Arg

Asn

Arg

10

Ala

Phe

Gly

Gly

Leu

Ala

Gly

Tyr

Pro

Leu

Ser

Asp

Leu

60

Val

Thr

Ala

Ser

45

Pro

Trp

Leu

Ala

30

Leu

Ser

Leu

Leu

15

Asp

Ser

Ser

Glu

Phe

Thr

Asp

Pro

Gln
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-continued

248

65

Leu

Gly

Gln

Asp

Asp

145

Arg

Lys

Ala

Met

225

Asp

Gly

Arg

Asn

Ala

305

Pro

Ile

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

Thr

Ala

Val

Ser

130

Tyr

Asp

Gln

Arg

Asn

210

Val

Pro

Gly

Gln

Pro

290

Ser

Thr

Glu

Lys

Thr

Ile

115

Phe

Leu

Ala

Ile

Ser

195

Lys

Lys

Gln

Tyr

Leu

275

Leu

Pro

Thr

Thr

Gln

Ala

100

Asn

Lys

Ala

Ile

Leu

180

Gln

Leu

Leu

Asn

Val

260

Ser

Leu

Leu

Val

Gln
340

SEQ ID NO
LENGTH: 4
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:
FEATURE:
NAME/KEY: VARIANT
LOCATION:
OTHER INFORMATION: Xaa may be one or more of the following amino
acid resgidues Leu, Ala,

PRT

70

Phe Pro
85

Val Ala

Asn Leu

Pro Asp

Tyr Gly

150

Ser Asp
165

Leu Phe

Lys Val

Leu Leu

Phe Glu
230

Phe Gly
245

Trp Lys

Ala Phe

Ala Gln

Asn Cys

310

Val His
325

Tyr Glu

117

Gly

Tyr

Asp

Asp

135

Trp

Ala

Asn

Val

Asn

215

Ile

Leu

Pro

Ser

Ala

295

Glu

Ala

Phe

(4) .. (4)

Met or Ser.

<400> SEQUENCE:

Gly Asp Ser Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

117

SEQ ID NO 118
LENGTH: 5
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

Leu

Asn

Tyr

120

Leu

Asn

Ala

Leu

Glu

200

Leu

Asp

Ser

Phe

Pro

280

Val

Gly

Ala

Leu

Thr

Lys

105

Glu

Val

Thr

Asn

Pro

185

Ala

Ala

Lys

Asp

Ala

265

Gln

Ala

Lys

Leu

Ala
345

Val,

Ile

90

Ile

Val

Ile

Glu

Arg

170

Asp

Val

Arg

Gln

Val

250

Thr

Glu

Ser

Met

Ser

330

His

Sequence motif

Ile,

Sequence motif

75

Ala

Ser

Thr

Leu

Gln

155

Met

Leu

Ser

Gln

Phe

235

Glu

Arg

Arg

Pro

Phe

315

Glu

Gly

Phe

:

Asn

Trp

Gln

Trp

140

Asp

Val

Gly

His

Leu

220

Ala

Asn

Ser

Leu

Met

300

Trp

Arg

Tyr,

Glu

Asp

Phe

125

Val

Ala

Leu

Gln

Val

205

Ala

Glu

Pro

Val

Ala

285

Ala

Asp

Ala

Ala

Pro

110

Leu

Gly

Lys

Asn

Asn

190

Ser

Pro

Met

Cys

Ser

270

Ile

Arg

Gln

Ala

His,

Glu

95

Lys

Gln

Ala

Arg

Gly

175

Pro

Ala

Thr

Leu

Tyr

255

Thr

Ala

Arg

Val

Thr
335

Gln,

80

Gly

Tyr

Lys

Asn

Val

160

Ala

Ser

Tyr

Gly

Arg

240

Asp

Asp

Gly

Ser

His

320

Phe

Thr,

Asn,



US 9,228,211 B2
249 250

-continued
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: May be Gly
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: May be Ala or Leu
<400> SEQUENCE: 118
Gly Ala Asn Asp Tyr
1 5
<210> SEQ ID NO 119
<211> LENGTH: 56
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Terminator sequence
<400> SEQUENCE: 119
gctgacaaat aaaaagaagc aggtatggag gaacctgcett ctttttacta ttattg 56

<210> SEQ ID NO 120

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Aspergillus aculeatus

<400> SEQUENCE: 120

Thr Thr Val Tyr Leu Ala Gly Asp Ser Thr Met Ala Lys Asn Gly Gly
1 5 10 15

Gly Ser Gly Thr Asn Gly Trp Gly Glu Tyr Leu Ala Ser Tyr Leu Ser
20 25 30

Ala Thr Val Val Asn Asp Ala Val Ala Gly Arg Ser Ala Arg Ser Tyr
35 40 45

Thr Arg Glu Gly Arg Phe Glu Asn Ile Ala Asp Val Val Thr Ala Gly
50 55 60

Asp Tyr Val Ile Val Glu Phe Gly His Asn Asp Gly Gly Ser Leu Ser
Thr Asp Asn Gly Arg Thr Asp Cys Ser Gly Thr Gly Ala Glu Val Cys
85 90 95

Tyr Ser Val Tyr Asp Gly Val Asn Glu Thr Ile Leu Thr Phe Pro Ala
100 105 110

Tyr Leu Glu Asn Ala Ala Lys Leu Phe Thr Ala Lys Gly Ala Lys Val
115 120 125

Ile Leu Ser Ser Gln Thr Pro Asn Asn Pro Trp Glu Thr Gly Thr Phe
130 135 140

Val Asn Ser Pro Thr Arg Phe Val Glu Tyr Ala Glu Leu Ala Ala Glu
145 150 155 160

Val Ala Gly Val Glu Tyr Val Asp His Trp Ser Tyr Val Asp Ser Ile
165 170 175

Tyr Glu Thr Leu Gly Asn Ala Thr Val Asn Ser Tyr Phe Pro Ile Asp
180 185 190

His Thr His Thr Ser Pro Ala Gly Ala Glu Val Val Ala Glu Ala Phe
195 200 205

Leu Lys Ala Val Val Cys Thr Gly Thr Ser Leu Lys Ser Val Leu Thr
210 215 220

Thr Thr Ser Phe Glu Gly Thr Cys
225 230
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-continued

<210>
<211>
<212>
<213>

SEQ ID NO 121
LENGTH: 184
TYPE: PRT

ORGANISM: Escherichia coli

<400> SEQUENCE: 121

Ile Ser Leu Ser Ala

10

Leu Leu

5

Ala Asp Thr Leu
1

Gly Asp

Met Ser Ala Ser Ala Ala Trp Pro Ala Leu Leu Asn Asp

Thr
35

Val Val Ala

40

Ser Lys Ser Asn Ser Ile Ser Gly Asp

45
Gln Ala

Ala Gln

60

Gly His

50

Pro Leu Leu

55

Leu Arg Leu Lys

Val Val Glu Leu Asn Leu

70

Trp Leu

65

Gly Gly Asp Gly

75

Arg

Pro Gln Gln Thr Glu Gln Thr Leu Arg Gln Ile Leu Gln

Ala Ala Ala

100

Glu Met

105

Asn Pro Leu Leu Gln Ile Arg Leu

Glu Ala

120

Tyr Gly Arg Asn Phe Ser Ala Ile

115

Arg Tyr Tyr

125

Ala Glu Phe Val Phe Phe

140

Pro Leu Leu Pro Met

135

Lys
130

Asp

Tyr Leu Pro Gln Met Gln Ile His

145

Lys Trp

150

Asp Asp Gly

155
Ala

Gln Phe

165

Ile Ala Met

170

Asp Pro Asp Trp Ala Lys Gln

Val His Ser Leu Glu

180

Leu Asn Asp

Gly

Lys

30

Thr

Gln

Gly

Asp

Pro

110

Pro

Glu

Pro

Leu

Tyr
15

Arg

Trp Gln

Ser Gln

Pro Arg

Phe Gln

80

Val Lys

Ala Asn

Lys Leu

Glu Val

Asn Arg

160

Gln
175

Pro

The invention claimed is:

1. A method of water degumming a crude edible oil com-
prising the steps of: a) admixing approximately 0.1-5% w/w
water with a crude edible oil and a lipid acyltransferase
including a GDSx motif, a GANDY block and an HPT block,
wherein a phospholipase C (E.C.3.1.4.3) is additionally
admixed with the oil or water or lipid acyltransferase or a
combination thereof wherein the lipid acyltransferase is not
PLA, (E.C.3.1.1.32) or PLA, (E.C.3.1.1.4), b) agitating the
admixture for between about 10 minutes and 180 minutes at
about 45 to about 90° C., and c¢) separating the oil phase and
the gum phase, wherein the lipid acyltransferase used has a
transferase activity (TrU) per mg enzyme of at least 25 TrU/
mg enzyme protein as determined using the following assay:

a) 50 mg cholesterol and 450 mg Soya phosphatidylcholine
is dissolved in chloroform and chloroform is evaporated
at 40° C. under vacuum; 300 mg PC:cholesterol 9:1 is
dispersed at 40° C. in 10 m1 50 mM HEPES buffer pH 7
to form the substrate;

b) 250 ul substrate is added in a glass with lid at 40° C., 25
ul enzyme solution is added and incubated during agi-
tation for 10 minutes at 40° C.;

¢) after 10 minutes 5 ml Hexan:Isopropanol 3:2 is added;

d) the amount of cholesterol ester is analyzed by High
Performance Thin Layer Chromatography (HPTLC)
using Cholesteryl stearate standard for calibration; and

e) transferase activity is calculated as the amount of cho-
lesterol ester formation per minute.

40

45

50

55

60

65

2. A method according to claim 1 where the method further
comprises d) incubating the gum phase comprising active
lipid acyltransferase enzyme for between a minimum of
about 2 hours and a maximum of 7 days and e) separating the
oil from the gum phase.

3. A method according to claim 1 wherein the pH of the
process is between about pH 5.0 to about pH 10.0.

4. A method according to claim 1 wherein the lipid acyl-
transferase comprises a GDSx motif or a GANDY motif.

5. A method according to claim 1 wherein the lipid acyl-
transferase enzyme is characterised as an enzyme which pos-
sesses acyltransferase activity and which comprises the
amino acid sequence motif GDSX, wherein X is one or more
of' the following amino acid residues L, A, V, L F, Y, H, Q, T,
N, MorS.

6. A method according to claim 1 wherein the lipid acyl-
transferase for use in any one of the methods or uses or the
combination thereof of the present invention may be obtain-
able, preferably obtained, from an organism from one or more
of the following genera: Aeromonas, Streptomyces, Saccha-
romyces, Lactococcus, Mycobacterium, Streptococcus, Lac-
tobacillus, Desulfitobacterium, Bacillus, Campylobacter,
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosac-
charomyces, Listeria, Neisseria, Mesorhizobium, Raistonia,
Xanthomonas and Candida.

7. A method according to claim 6 wherein lipid acyltrans-
ferase is obtainable, preferably obtained, from an organism
from the genus Aeromonas.
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8. A method according to claim 1 wherein the lipid acyl-
transferase is a polypeptide having lipid acyltransferase activ-
ity which polypeptide is obtained by expression of the nucle-
otide sequence SEQ ID No. 49 or a nucleotide sequence
which has 75% or more identity therewith.

9. A method according to claim 1 wherein the lipid acyl-
transferase is a polypeptide having lipid acyltransferase activ-
ity which polypeptide is obtained by expression of:

a) the nucleotide sequence SEQ ID No. 49 or a nucleotide

sequence which as has 75% or more identity therewith;
b) a nucleic acid which encodes said polypeptide wherein
said polypeptide is at least 70% identical with the
polypeptide sequence SEQ ID No. 16 or with the
polypeptide sequence SEQ ID No. 68;

¢) or a nucleic acid which hybridises under stringent con-
ditions (50° C. and 0.2xSSC {1xSSC=0.15M NaCl,
0.015M Na-citrate pH 7.0)) to a nucleic probe compris-
ing the nucleotide sequence SEQ ID No. 49.

10. A method according to claim 9 wherein the lipid acyl-
transferase is a polypeptide obtained by expression of the
nucleotide sequences in Bacillus licheniformis.

11. A method according to claim 1 wherein the lipid acyl-
transferase is a polypeptide having lipid acyltransferase activ-
ity which polypeptide comprises any one of the amino acid
sequences SEQ ID No. 68, SEQ ID No. 16, or an amino acid
sequence which has 75% or more identity therewith.

12. A method according to claim 1 wherein the lipid acyl-
transferase is a polypeptide having lipid acyltransferase activ-
ity which polypeptide comprises the amino acid sequence
shown as SEQ ID No. 68 or an amino acid sequence which as
has 75% or more identity therewith.
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